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INTRODUCTION

Previous studies have shown that implants of collagen, decal

cified allqenic bone matrix, and polyethylene tubing aided bone re

placement in surgically created fracture gaps.

The purpose of this work was to study the effect of diet on 

bone replacement in albino laboratory rats when usinq a polyethylene 

tubing implant into which collagen was placed. The site of implanta

tion was the mid-fibular region.

Fracture gaps of four and seven centimeters were used to study 

the effect on the rate of bone regeneration. Each gap was tested 

against three diets, high, middle, and normal. The animals were fed 

the diet for a specified time and sacrificed to examine the implant. 

Methods to study the rate of regeneration were tested previous to

sacrif ice



LITERATURE REVIEW

Bone is, fortunately for the animal body, capable of regen

eration. Much work has been done on the regenerative power of bone; 

advantages to be gained from such research are obvious. It will 

likely be determined how to cause bone to reoenerate within large 

fracture gaps, and eliminate the need for bone grafting. Materials 

used thus far have been polyethelene tubing, decalcified allogeneic 

bone matrix, and collagen implants.

Polyethylene tubing has been used to prevent fibrous connective 

tissue growth, which inhibits bone regeneration in a large fracture 

gap (Narang et at., 1975). Fracture gaps were surgically created and 

the tubing was inserted into the gap by slipping the tube ends over

the bone. At twelve weeks new bone grew in the rats which had re

ceived the implants, whereas no new bone grew in the rats which had 

received no implants* Bone growth could have been caused by blood 

clbttihg or bone marrow entering the tube. New bone on the exterior 

of the tube could have formed from remnant periosteum or from ost

eoblasts which had differentiated from mesenchyme (Narang et al.» 

1975).

Decalcified bone matrix is the organic component of bone from 

which all inorganic material has been extracted. Allogeneic means 

it originated from the same or a closely related species. Such 

bone matrix has also been used to assist bone regeneration in rather 

large fracture gaps (Narang et al., 1971).

In gaps of the rat fibula it was found that decalcified allogeneic
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bone matrix grafts induced bone regeneration, and eventually closed 

the gap. Gaps not receiving grafts did not close with newly regenerated 

bone. The graft material originated from other rats killed for the 

purpose of obtaining their bone matrix. In addition decalcified 

xenogeneic bone matrix (from a dog) was placed into graft sites.

As in the polyethylene implant experiment, controls without 

an implant experienced no new bone growth, only the filling of the 

gap space with muscle and connective tissue. Where allogeneic graft 

material was used, mesenchyme invaded the channels of the acellular 

decalcified matrix, and osteoclasts increased at the bone fragment 

ends. New bone formation was evidenced by osteoid tissue, osteo

blast, and chondroblast appearance. Bone filled the gap by the eighth 

postoperative week. Within the animals receiving the xenogeneic 

grafts, they were either rejected or bone regeneration was much

slower.

It was concluded that a powerful potential of osteogenesis 

induction occurs when decalcified allogeneic bone matrix is placed 

in a fracture gap site, which is aided by the host accepting the 

graft (Narang et al., 1971). It is speculated that the induction 

of mesenchymal cells to osteoblasts could be caused by either a 

complex group of macromolecules, or electrons, which diffuse from the 

matrix and interact with mesenchymal cells, effecting differenti

ation (Narang et al., 1971).

Collagen is another natural substance that has been used in bone 

regeneration research. In one experiment holes were drilled into

the maxilla of a rat and filled with collagen obtained from ox bone 

(Solomons et al., 1966). Bone growth was measured by the uptake
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an affinity for new bone. It was injected 

implantation, and thereafter fed in the 

sacrificed at intervals to analyse the 

implant by spectrophotofluorimetry. With

of tetracycline, which has 

intraperitoneally after the 

water supply. Animals were 

tetracycline content of the

in ten days the tetracycline content in the animals which received 

collaoen was seventeen to eighteen times that of the controls, which 

received no collagen. It was not until 35 days that tetracycline 

content was the same in all groups, from this data, it was concluded 

that collagen increases the rate of bone deposition, and could be 

a successful substitute for an autogenous bone graft (Solomons et al •,

1966).

COLLAGEN

Collagen is an important ingredient in the organic matrix of bone. 

It constitutes 90 to 96% of the organic matrix, and is found to be 

more densely packed in bone than in other tissues. Collagen consists 

of three covalent chains held together by hydrogen bonding, which 

together form a helix, referred to as tropocollagen or the collagen 

macromolecule. The amino acid composition in mammals has been inden- 

tified as 1/3 glycine, 1/3 hydroxyproline and proline, and 1/3 hy

droxylysine and other amino acids. Hydroxyproline and hydroxylysine 

are not found in other proteins (Schmitt 1959). The amount of aromatic 

amino acids is low, while the amount of pyrrolidine amino acids is

high. There are differences in collagen make-up between species, 

and there are differences within a single amimal body (McLean et al., 

1968).

Two models have been proposed for the collagen helix. In the

model best agreeing with X-ray diffraction studies, the hydroxyl
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groups of hydroxyproline extend radially from the polypeptide chains 

of the helix, and facilitate hydrogen bonding to carbonyl groups 

of adjacent macromolocules. A second model, supported by denatur- 

ation data, predicts intramolecular bonding due to the hydrogen 

bonds of hyriroxyproline directing themselves toward the center of the 

helix. The possibility that the structures are interconvertible has 

not been d).scounted (Schmitt 1959).

Collagen has a vary characteristic banded appearance under the 

electron microscope. Banding could be caused by sections of dis

order alternating with sections of relative order. Disorder could 

be caused by amino acids with large side chains J order would result 

where the amino acids have short side chains (Schmitt 1959). Polar

ity may also be a key to understanding the banding. Data suggest 

that glycine is in every third position, and that a typical segment 

would be Cly-P-X. P represents proline or hydroxyproline, and X 

represents arginine or some other amino acid found in collagen.

Polar Gly and nonpolar P may be the interbands, in which case X

would be the transition between the two.

CALCIFICATION

Collagen is thought to be an important factor in the calcifi

cation of bone. Research has been directed toward factors of col

lagenous structure and other physical characteristics which may 

affect calcification (Climcher et al. 1957 and Urrey 1971). Col

lagen has a high degree of structural regularity, which may be in

fluential in calcification (Climcher 1959).

In bone calcium appears primarily as hydroxyapatite crystals, 

and secondarily as amorphous and non-crystalline calcium phosphate
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(McLean et al., 1968). Hydroxyapatite crystals are composed of sev

eral compounds with their member ions symmetrically arranged in a 

three dimensional pattern. There are a divalent cation (Ca++), a 

tetrahedral anomic radical (PO^ )» and electronegative anions (0H“); 

all of which are arranged in a hexagonal pattern. In bone the formula

is s

C»,0(p°4>6<0H>2-

Calcification is essentially a crystallization, representing 

a phase change, beginning with crystal nucleation (the process of 

initial crystal formation), and continuing with crystal growth (Glim- 

cher 1959). It is proposed that collagen can act as a catalytic 

heterogeneity for the nucleation of apatite crystals from a metastable 

calcium solution (Glimcher 1959),

Metastable refers to an equlibrium characterized by a substance 

being in a stable state, which is capable of moving to a more stable 

state of higher entropy and lower potential energy. Heterogeneous 

nucleation nucleation involves the initiation of a phase transition

by substances foreign to a system. Collagen may induce the formation 

of apatite crystals in bone. It is known that some intracellular 

fluid is metastable regarding calcium ion. This does not guarantee 

that metastability with respect to calcium is prevelent in the immedi

ate vicinity of the collagenous fibril, but it is cause for specula

tion (Glimcher 1959).

Native type 640 Angstrom axial repeat reconstituted collagen

fibrils can nucleate apatite crystals from metastable calcium phos

phate solutions. Other highly organized and arranged proteins do not 

have this ability, and other fibrillar forms of collagen do not have
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this ability either, therefore the stereochemistry of collagen could 

be foremost in the induction of apatite crystal nucleation (Glimcher 

1959).

Native type collagen fibrils may have regions which have a 

reactivity and steric relation permitting them to function as sites 

of heterogeneous nucleation. Regarding the location of nucleation 

sites, no definite conclusion has been reached. An attempt to measure 

changes in electron micrograph density and X-ray diffraction patterns 

was tried in an effort to determine possible sites. Electron mic

rographs of in vitro calcification and early stages of in vivo em

bryonic bone calcification show specific fibril regions may act as 

nucleation centers. Apatite crystals were deposited regularly along 

fibrils. Nucleation may not necessarily occur where crystals grow, 

and catatytic potency may differ in various fibrillar regions (Glim

cher et al., 1957 and Glimcher 1959).

A newer theory on the induction of calcification by collagen 

is the charge neutralization theory, which is based on the high content 

of glycine in collagen, and specific collagen conformations which 

have high cation affinity. Glycine favors beta turn formations 

when next to residues with bulky side chains, such as L-Valine.

Beta turns allow the end peptide oxygen to be accessible to cations. 

Carbonyl oxygens of a glycine tripeptide directly coordinate calcium 

when in crystal structure (Urrey 1971).

The theory stipulates that collagen ion binding utilizes un

charged coordinating groups, or neutral sites within collagen, there

by giving collagen a positive charge when calcium binds. The pos

itive charge attracts phosphate and carbonate, which neutralize the
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the previously charged areas, end allow more calcium to bind. The 

affinity of calcium for the neutral nucleation sites drives the reac

tion. Regulation of bone formation may be by organic anions accord

ing to this theory.
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MATERIALS AND METHODS

We segregated 27 male albino rats into three groups according 

to fracture gap length, and subdivided these groups according to 

diet received (Table 1).

Table 1. Segregation of rats into groups according to fracture gap 
length and diet.

Fracture Gap Lenoth

Diet Control 4mm Fracture Gap 7mm Fracture GaD

High 3 3 3

Middle 3 3 3

Normal 3 3 3

DIET

The normal diet consisted of Purina Rat Chow. Water was freely 

available to all rats. The high and middle diets varied in the a- 

mounts of calcium, phosphorus, and Vitamin D^. We obtained an 

assay of Rat Chow from the Ralston Puria Company, and based our 

calculations of the high and middle diets on this information, fin 

adult rat eats an average of 10.8 to 13.5 gm (dry weight) of Rat 

Chow per day; we chose to work with 11.7 gm consumption per day.

Rat Chow (Table 2) contains 1.10% calcium, 0.74% phosphorus, 

and 3.3 IU of Vitamin D^ per gram, fi rat*s daily intake is approx

imately 0.1187 gm calcium, 0.085 gm phosphorus, and 38.61 IU of 

Vitamin D^.

Working with these figures we calculated the high diet, in

creasing the available amounts of calcium and phosphorus by 50%
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Table 2. The nutrients* of Purina Rat Chow expressed in per cent of 
ration except where otherwise indicated.

Protein 22.8% Ash 6.0% Vitamins

Arg 1.42% Ca 1 .10% Carotene 5.6 ppm

Cys .35% P .74% Menadione -

Gly 1.12% K 1.08% Thiamin 10.9 ppm

His .58% Mg .21% Riboflavin 4.5 ppm

lie 1.22% Na .36% Niacin 60.0 ppm

Leu 1 .85% Cl .43% Panto
thenic Acid 12.5 ppm

Lys 1 .36% F 65.0 ppm
Folic Acid 1.7 ppm

Wet .43% Fe 197.0 ppm
Pyridosine 4.5 ppm

Phe 1 .07% Zn 30.0 ppm
Biotin .3 ppm

Thr .89% Mn 54.4 ppm
B-12 9.0 mcg/lb

Trp .27% Cu 15.1 ppm
Vit. A 12.0 IU/gm

Val 1.17% Co 1 .17 ppm
Vit. D 3.3 IU/gm

I .37 ppm

Fat 4.5% F iber 3.8%

♦Based on latest ingredient analysis information. Since nutrient 
composition of natural ingredients varies, analysis will differ 
accordingly. Moisture content though variable is assumed to be 
10.0% for the purposes of calculations.
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over the normal; in the middle diet the available amounts were 25% higher 

than they were in the normal diet.

The calcium and phosphorus were added to the drinking water.

From observation we noticed that a rat drinks about 70 ml of water 

per day* This enabled us to calculate the correct concentrations 

of anhydrous calcium chloride (J. T. Baker Chemical Company) and 

monobasic sodium phosphate (Mallenckrodt Chemical Works) to use to 

prepare the stock solutions (Figure 1).

The high diet contained 20 IU of Vitamin D^* more per day than the 

36.16 IU received per day in the normal diet. The middle contained 

10 more per day than normal. Vitamin dissolved in vegetable oil 

was injected subcutaneously into the right rear leg of each animal.

We took advantage of the body’s ability to store excess Vitamin D 

in the liver and adipose tissue and injected a 60 day supply (Fig

ure 2).

IMPLANT PREPARATION

Polyethylene tubing filled with collagen** made up the implants.

To hold the implant in place on the fibula, each tube was 2mm longer 

than the respective bone gap. The gap lengths were 4mm and 7mm, there

fore the tube lengths were 6mm and 9mm.

Placing the collagen in cool sterile distilled water gave it

a dough-like consistency, and facilitated kneading it into rolls,

which we inserted into the tubing and packed lightly, so that 1mm

of space remained at each end. A sharp probe was used to puncture

*No. C-9756 Cholecalciferol. Sigma Chemical Co., St. Louis Wo. 63178

**No. C-9879 Insoluable Type I obtained from bovine achilles tendon.
Sigma Chemical Co., St. Louis, Wo, 63178
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CaCl2 HIGH DIET

1. 0.1187 gm X 0.50 = 0.599 gm Ca

2. 0.599 gm/0.07 liter = 0.8557 gm/liter

3. 0.8557 gm per liter/40 gm per mole Ca = 0.0124 moles/liter

4. 0.0124 moles/liter X 110.99 gm/mole CaCI^ = 2.375 gm CaCl^/liter H^O

NaH PO *H„0 HIGH DIET 
2 4 2

1. 0.0865 X 0.50 = 0.0432 gm P

2. 0.0432/0.07 liter = 0.6171 gm/liter

3. 0.6171 gm per liter/95 gm per mole P = 0.00649 moles/liter

4. 0.00649 moles/liter X 138.01 gm/mole NaH^PO^H^O = 0.896 gm 

NaH P04*H 0/liter H^

CaCl2 MIDDLE DIET

1. 0.1187 gm X 0.25 = 0.0296 gm Ca

2. 0.0296 gm/0.07 liter = 0.4228 gm/liter

3. 0.4228 gm per liter/40 gm per mole Ca = 0.0106 moles/liter

4. 0.0106 moles/liter X 110.99 gm/mole CaCl2 = 1.176 gm CaCl2/liter H2P

NaH2P04’H2° MIDDLE DIET

1. 0.0865 gm X 0.25 = 0.0126 gm P

2. 0.0126 gm/0.07 liter = 0.3085 gm/liter

3. 0.3085 gm per liter/95 gm per mole P = 0.00324 moles/liter

4. 0.00324 moles/liter X 138.01 gm/mole NaH^O^H^O = 0.4481 gm 

NaH2PD4‘H2°/liter H2°

Figure 1. Calculations used to determine the proper concentrations 
of CaCl2 (mol wt 110.99 gm) and NaH2P04*H20 (mol wt 138.01 gm). The 

mol wt of Ca is 40gm; the mol wt of P is 95 gm.
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HIGH DIET

1. 20 IU/day X 30 day = 600 IU

2. 600 IU X 0.000025 mg/lU = 0.015 mg Vitamin D3

3. 0.015 mg/0.1 ml = 0.15 mg Vitamin O^/ml

4. (0.15 mg/ml)(100/100) = 15 mg/100 ml vegetable oil

5. (15 mg/100 ml) (0.001/0.001) = 0.015 mg/0.1 ml

6. (2/2)(0.015/0.1) s 0.030 mg Vitamin D^/0.2 ml vegetable oil

7. A 0.2 ml injection gave a 2 month supply of Vitamin D^.

MIDDLE DIET

1. 10 IU/day X 30 day = 300 IU

2. 300 IU X 0.000025 mg/lU = 0.0075 mg Vitamin D3

3. 0.0075 mg/0.1 ml = 0.075 mg Vitamin D3/ml

4. (0.075 mg/ml)(l00/l00) = 7.5 mg/100 ml vegetable oil

5. (7.5 mg/100 ml)(0.001/0.001) = 0.0075 mg/0.1 ml

6. (2/2)(0.0075/0,1) = 0.015 mg Vitamin D3/0.2 ml vegetable oil

7. A 0.2 ml injection gave a 2 month supply of Vitamin D3«

figure 2. Calculations used to prepare a 60 day supply of Vit
amin D„. An IU of Vitamin D = 0.000025 mg Vitamin D .O vj

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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each implant 50 times* which would hopefully have allowed intersti

tial fluid to bathe the implant as the fluid bathes normally forming 

bone. The implants were prepared immediately before the operations, 

and stored in sterile distilled water until used. The preparation 

was as aseptic as possible.

SURGICAL PROCEDURE,

Aseptic conditions were maintained throughout the operations. 

The instruments and tubing were sterilized with Pheneen Solution*.

With ether as the anesthetic, we shaved and cleaned the left 

leg of the rats. We used a three inch straight scissors to make an 

initial incision parallel to the tibiofibula. The incision started 

5mm above the ankle and extended 2 to 3 cm anteriorly. After cutting 

through the biceps femoris to expose the underlying extensor digi-

torus longus and peroneus longus, we separated the biceps from them 

with blunt dissection. Further dissection with a blunt probe was 

necessary to separate the peroneus longus and extensor digitorus

longus, and to expose the fibula. Muscular attachments to the mid

fibula were severed.

We used a scalpel to mark the fracture gap length, and excised 

the bone fragment with scissors. By holding the implant in a small 

curved hemostat and retracting the muscle with a small pair of for

ceps, we positioned ths implant (Figure 3). Grasping the implant in 

the center and pushing up and down, back and forth, assured us of a 

tight fit.

We used Ethicon 4-0 silk suture to close the incision after ad

justing the muscles to their proper positions and cleaning the wound.

*Catologue No. 1660-16 Ulnar Pharmacal Company, Division Physicians 
and Hospital Supply Co., Minneapolis, Minnesota 55403
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■Proximal End

F ibula

Proximal End of Implant
Polyethylene Tubinq 
Containing Collagen 
Distal End of Implant

Distal End

Figure 3, Diagram of a rat fibula showing the position of the im
plant .
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Approximately every 2mm along the incision, the suture was looped 

through the skin and biceps femoris on each side; each loop was in

dividually knotted. We bandaged each wound with gauze and tape 

after cleaning them.

The control animals experienced a mock operation, except no

bone fraoments were excised, and no implants were positioned.

TECHNIQUES USED TO STUDY OSTEOGENESIS

The following procedures were used to attempt our observation 

of osteogenesis 1) technitium scanning, 2) X-rays, 3) staining, and 

4) microscopic analysis.

We utilized the radioactive compound technitium diphosphate

on a rat not part of our experimental animals to test the procedure, 

after an implant was in the animal 8 weeks. Technitium has a speci

ficity for bone, and is used in bone scanning. We injected into the 

rat’s heart 0.2 ml of solution containing 2 millicuries of the iso

tope. After 2.5 hours absorbtion time, the entire rat was scanned 

with a Picker Dynacamera 2, and its posterior end was scanned with 

a Picker fflagniscanner 500 0 Rectilinear Scanner (both scans were done 

at St. Peters Hospital, Helena).

We X-rayed the rats after they were on the diet 6 weeks with 

an SS White Spacemaker X-ray machine at the Carroll College Dental 

Hygiene Clinic. For this the rats were anesthetized with ether and 

immobilized. The impulse timer setting was at 24, and the KVP (kilo

volts pulse) setting was 65. The distance from the X-ray cone to the 

rat was set at 6 inches.

At this point, we sacrificed the 4mm group and excised all the 

tibiofibulae; this was likewise done with the 7mm group 1 to 2 weeks

later
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Some of the bones were stained with an alizarin red stain.

In this procedure the bones were cleaned of muscle and connective 

tissue; the polyethylene jacket was partially removed from around the 

collagen implant. To stain, a tibiofibula was fixed 2 hours in 

95% ethanol, then left in 1% KOH for 6 hours, after which all remaining 

connective tissue was removed. We placed the bone in 95% ethanol 

again before putting it in 1% alizarin red ”S” solution for 6 hours. 

Washing it in water for 6 hours removed excess stain.

Lastly, the bones were examined under a 20x dissecting mic

roscope .
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RESULTS

We could not distinguish between the normal leg and the leg 

which contained the implant when the test animal was subjected to 

technitium scanning. The resolving power of the instruments is not 

great enough to scan a bone as small as the rat fibula. The proced

ure was abandoned after this scanning.

The X-rays showed the limits of bone growth on the outside 

of the implant, but we were unable to tell if bone grew within the 

tubing. We therefore decided to sacrifice the animals and study the 

amount of regeneration with a dissecting microscope. The observa

tions follow. (For identification purposes, C stands for control 

group, H for the high diet group, L for middle diet group, 7 and 4 

for the fracture gap length. Individual animals in each group of three 

were designated 1, 2, and 3.)

4mm NORMAL DIET

4N1 The implant was empty of collagen; a soft residue remained.

The distal medial side of the fibula had a bone spur growing 

towards the knee (Plate 1).

4N2 The implant slipped off the fibula. Bone grew and left

a 1mm gap. There was no sign of bone deposition inside the 

tube (Plate 1).

4N3 Proximally bone began to grow around the tubing. A small 

papilla of bone grew into the implant, Distally there was 

a small swelling of new bone growth, and no papilla of bone 

in the tubing. Staining destroyed tbs implant (Plate 2).
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4mm MIDDLE DIET

4L1 Bone spurs formed on the proximal medial side of the 

fibula, and the distal lateral side, No bone grew within the 

tubing. Staining destroyed the implant (Plate 2),

4L2 Bone spurs formed medially on the proximal and distal ends. 

There was a tough connective tissue tether between the bone spur 

ends. There was no bone within the implant, which had slipped 

off the fibula (Plate 3).

413 The implant slipped off the fibula. Bone began to grow at 

the gap margins. There was no sign of bone growth within the 

implant, which was destroyed by staining (Plate 3).

4mm HIGH DIET

4H1 The fracture gap was nearly bridged on the exterior of the 

tubing; most of the growth from the distal end. From the prox

imal end a papilla of connective tissue extended into the im

plant ; (Plate 4).

4H2 This rat died on 15 December 1976 from over exposure to 

ether. Bone growth was minimal (Plate 4).

4H3 Proximally there was much growth exterior to the tube; dis- 

tally there was minimal growth on the exterior of the tube. 3 

mm more growth would have bridged the gap. There was no bone 

within the tube (Plate 5).

7mm NORMAL DIET

7N1 The implant slipped completely off the fibula and was em

bedded in adjacent muscle. No bone grew within the implant or 

at the ends of the fracture gap (Plate 5).

7N2 During the operation a secondary fracture occured distally
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from the fracture gap site; we supported the fracture with a 

sleeve of tubing. This fracture healed within the tubing, but 

there was no bone within the implant tubing. The proximal end 

of the implant slipped off the fibula (Plate 6).

7N3 Bone grew medially from the distal end over the implant. 

The center of the implant dried out and was empty of collagen 

(Plate 6).

7mm MIDDLE DIET

7L1 The implant slipped off the ends of the fibular gap; no 

growth occured at either end. Likewise there was no bone within 

the implant tubing (Plate 7).

7L2 A bone spur formed on the distal end of the fibula extend

ing anteriorly over the medial side of the tubing. The interior 

of the implant was soft, showing no signs of bone deposition 

(Plate 7).

7L3 A small amount of bone grew at both ends of the tubing 

on the exterior. No growth occured within the tube (Plate 8). 

7mm HIGH DIET

7H1 The proximal end of the fibula had a bone spur extending

toward the distal section of the fibula outside of the implant. 

The distal end of the implant slipped off the fibula. There 

was no bone within the implant (Plate 8).

7H2 Bone grew from the distal end of the fibula anteriorly 

to within 1 cm of the proximal end. This implant also slipped 

off, and was lacking bone (Plate 9).

7H3 New bone grew around the outside of the lateral surface 

of the implant, closing the fracture gap. There was no bone
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within the tubing, but a small papilla of spongy tissue ex

tended into the tube from the distal end (Plate 9),

CONTROL CROUP

The control animals were normal (Plate 10); there was no ab

normal brittleness due to a Vitamin overdose (Lehninger 

1975). The rats did not hesitate to drink the water contain

ing the calcium and phosphorus compounds.
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DISCUSSION

Our original intent was to study the effect of diet on the rate 

of bone regeneration. Due to our limited sample space, we wanted to 

measure rate without sacrificing the animals. For this reason tech

nitium diphosphate was used. It is used in skeletal system scannino, 

and would have a specificity for regeneratino bone. The resolution 

of the scanning eguipment is only 1/4 inch, not small enough to give 

a suitable image of a rat fibula (Plate 11).

A larger bone was not used because a means of support would 

have been necessary. Practicality dictated the use of a fused bone, 

such as the rat fibula, which can be fractured without necessitating

a means of support for the leg.

Theoretically we could have determined the rate of regeneration 

by measuring the amount of isotope accumulation in the regenerating 

bone. The scanner would have given us a means of visual analysis. 

Although we could have used radiation counting eguipment to measure 

radiation intesity, we could not have isolated the fibular area from

background radiation from other bones.

We tried to measure growth with X-rays, from which we could 

determine the extent cf regeneration outside of the implant. (Re

fer to Plate 12) We were unable to ascertain whether or not bone 

grew inside the tubes from the X-rays.

The purpose of the collagen in the tubing was to stimulate cal

cium deposition, since experiments have proven collagen’s ability 

to nucleate calcium (Glimcher 1959).



23

The collagen did not seem to affect regeneration; why it did not 

is a matter of speculation. Collagen does differ in amino acid con

tent between species, and the bovine collagen used in the experiment

may not have been compatible with rat biochemistry. We are not in

clined to believe that the bovine collagen had an adverse effect, 

because we did not observe any immune responces to the implants, and 

since the promotion of bone regeneration has been sucessful in rats 

with the use of bovine collagen (Solomons et al., 1966).

In a similar experiment (Narang et al., 1975), the researchers 

thought blood clots and bone marrow entered the empty tubes they im

planted and induced regeneration. If this is correct, the collagen 

in our tubes, having prevented the entrance of blood and bone marrow,

may have inhibited bone regeneration.

We had a major problem with the implant slipping off the fib

ula. Why this happened is confusing, since Narang and Wells (1975) 

did not indicate that they had this problem, after having allowed for 

only a 0.5mm overlap on the bone. The proximal articulation with 

the tibia is not fixed. Perhaps the collagen inside the tubes 

swelled, forcing the fibula to move and slip out of the implant.

This consideration is not supported by the fact that the collagen 

was not swollen when we excised the bones. It may also be possible 

that muscular movements pulled the proximal part of the fibula from 

the implant.

We tried the alizarin red stain hoping it would delineate 

the areas of recent bone growth, due to its specificity for cal

cium. This procedure failed to yield the desirable results, and 

also destroyed the implants.
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CONCLUSION

The results obtained were inconclusive. Slippage of the im

plants from the fibula was a major problem, because it precluded 

judgement of the effect of the implant. The experiment indicated 

that collagen may not always be effective as an inducer of bene 

regeneration, further work should utilize bone matrix alone, rather 

than collagen and plastic tubing, because much better results have 

been obtained with bone matrix. In our experiment bone mstrix 

preparation would have been too expensive and time consuming.

The scanning procedure may be more successful on a larger 

bone, because the increased size will probably permit the instru

ments to reproduce a suitable image. The scanners used give a ra

ther clear picture, but comparisons may be difficult if accumulation 

of isotope between diet groups is not significant. The scanning 

procedure will probably be quite effective if instruments of greater 

resolving power become available. Roentgenology presents similar 

problems. The differences in density on the X-rays are too min

ute to make a valid quantitative analysis.

Microtechnique would show details of osteoblastic activity, 

but would not facilitate an analysis of salt deposition, which 

indicates how fast bone is being formed.

It seems the only effective way to measure the effect of diet 

on the rate of bone replacement is to have a large set of animals, 

and to sacrifice them at intervals to determine qualitatively the 

growth. An isotope such as strontium 85 or calcium 45 would be
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helpful in this type of experiment. Counts could be taken on iso

lated segments and the amount of inorganic salt deposition deter

mined from those data.
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........Proximal End of Fibula

____ Groove Implant Occupied

-------Distal End of Fibula

4N1. 4mm Fracture Gap, Normal Diet, No. 1.

Proximal End of Fibula

Connective Tissue

.Distal End of Fibula

4N2. 4mm Fracture Gap, Normal Diet, No. 2.

Plate 1 . Photoqraphs of the 4N1 and 4N2 fibular implant regions



Distal Bone Spur

Distal End of Fibula 

•Proximal End of Fibula 

Proximal Bone Spur

411. 4mm Fracture Gap, Middle Diet, No. 1.

Plate 2. Photographs of the 4N3 and 4L1 fibular implant regions



28

(Not Photographed)

4L3. 4mm Fracture Gap, Middle Diet, No. 3.

Plate 3. Photographs of the 4L2 and 4L3 fibular implant regions.



-Distal Bone Spur 

_Papilla of Bone 

"Distal End of Fibula

"Proximal End of Fibula

4H1. 4mm Fracture Gap, High Diet, No. 1.

4H2. 4mm Fracture Cap, High Diet, No. 2.

Plate 4. Photographs of the 4H1 and 4H2 fibular implant regions.



Proximal End of Fibula

4H3. 4mm Fracture Cap, High Diet, No. 3.

Distal End of Fibula

7N1. 7mm Fracture Gap, Normal Diet, No. 1.

Plate 5, Photographs of the 4H3 and 7N1 fibular implant regions
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><

Implant

Polyethylene Sleeve 
“over Distal Fracture

7N2. 7mm Fracture Gap, Normal Diet, No, 2.

I

Proximal End of Fibula

£mpty Tubing

7N3. 7mm Fracture Gap, Normal Diet, No. 3,

Plate 6. Photographs of the 7N2 and 7N3 fibular implant regions
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711. 7mm Fracture Gap, Middle Diet, No. 1.

7L2. 7mm Fracture Gap, Middle Diet, No. 2.

Plate 7. Photographs of the 7L1 and 7L2 fibular implant regions.
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Proximal End of Fibula 
Collagen Core 
Polyethylene Tubing

7L3. 7mm Fracture Cap, Middle Diet, No. 3.

Polyethylene Tubing

’Collagen Core

.Proximal Bone Spur

7H1. 7mm Fracture Gap, High Diet, No. 1.

Plate 8. Photographs of the 7L3 and 7H1 fibular implant regions
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Proximal End of Fibula

Collagen Core

Polyethylene Tubing

7H2. 7mm Fracture Cap, High Diet, No, 2.

-

“Implant

..Distal Papilla of 
Spongy Tissue

'Lateral Bone Growth

7H3. 7mm Fracture Cap, High Diet, No. 3.

Plate 9. Photographs of the 7H2 and 7H3 fibular implant regions
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Control

Plate 10. Photograph of a control fibula
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