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ABSTRACT

Calvarial bone has been reported to be superior to iliac

bone for onlay bone grafting due to decreased resorption. This

study evaluated the physical, histologic and radiographic

characteristics of calvarial and cortico-cancellous iliac onlay

bone grafts in nine Pitman-Moore miniature swine at two weeks,

one-, two-, four-, six-, seven-, eight-, ten- and twelve-month

intervals. Compared to iliac grafts, the calvarial onlay grafts

had more than a two-fold greater radiugraphic density.

Statistical analysis of the mature grafts using the Standard of

Estimated Means of the bone graft volumes revealed 85% retention

of the calvarial grafts compared with 34% retention of the

grafted iliac bone. There was no subjective difference in the

rate or degree of revascularization between the two grafted

materials.
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INTRODUCTION

Autologous onlay bone grafting utilizing the traditional

iliac and rib grafts to repair facial bone defects has been less

than ideal due to the rapid and almost complete resorption of

these grafts.1-3 Calvarial bone grafts have been reported as

superior to other bone grafts for maxillofacial onlay grafting

due to decreased resorption. The literature describing

previous clinical observations and animal studies contains

ambiguous and conflicting hypotheses concerning the reasons for

the increased viability and retention of autologous calvarial

onlay bone grafts.' 6' This study was designed to examine the

histological, physical, and radiographic differences in the

retention of autologous calvarial and iliac onlay bone grafts in

miniature swine at timed intervals. In an effort to make this

animal study as valid as possible, current human surgical

techniques were duplicated. 8

MATERIALS AND METHODS

The miniature porcine was selected as the surgical model for

evaluation of calvarial and iliac autografts. 9'0 This animal has

large frontal and parietal bones of adequate thickness to harvest

the outer table of the cranial bone through the diploic space.

The thickness of this cortical bone closely duplicates the 2-4 mm

thickness of the outer table of human cranial bone. The

autologous iliac grafts were cortico-cancellous and also

duplicated the approximate size of typical grafts harvested from
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the human ilium. Both types of bone grafts were stabilized with

a lag screw technique using standard 2 mm rigid fixation screws.

The onlay bone grafts were a minimum of 5 mm in height to allow

the future placement of a 7.0 mm implant fixture (the shortest

fixture recommended for placement).", 2

Nine Pitman-Moore miniature swine weighing between 20 and 30

kilograms were used in this study. Every attempt was made to

duplicate human surgical techniques for graft harvest and

stabilization with rigid internal fixation.S The outer table of

the frontal and parietal bones and a cortico-cancellous section

of the ilium were used. The cranial bone grafts were stacked two

and three layers high to obtain the height necessary for

placement of implants and to duplicate the heights of the iliac

bone grafts. Each animal had four cranial onlay grafts and four

iliac onlay grafts (Figure 1). The bone grafts were placed

subperiosteally and secured on the nasal and maxillary bones

through a midline full thickness skin flap using 2.0 mm self-

tapping vitallium Luhr miniplate screws. The closure was done in

layers. Each swine received 1.2 million units of Bicillin at the

time of surgery. The study intervals were two weeks, one month,

two months, four months, six months, seven months, eight months,

ten months, and twelve months.

At the time of placement, each animal's grafts were measured

for height (thickness), width, and length at three points. These

volumes were compared with the physical measurements obtained at

necropsy. Hematoxylin and eosin stains were utilized to assess
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bone morphology, osteoblastic and osteoclastic activity,

inflammation, bone remodelling (reversal lines), bony interface

(osseointegration) with the host bone, and the vascularity of the

bone grafts.

A barium sulfate solution was infused at the time of

necropsy to evaluate the revascularization of the bone grafts.

Under general anesthesia the femoral and carotid arteries were

cannulated bilaterally, heparinized, and perfused with heparin

and barium sulfate in a saline solution. Infusion pressures were

between 110 and 150 mm Hg by gauge on the pressure bags. Once

the barium sulfate solution flowed freely from the femoral

arteries, the perfusion medium was changed to barium sulfate in a

10% buffered formalin solution. The large vessels in the neck

were ligated, and the specimens were immersed in 10% formalin.'

The densities of the bone grafts were studied

radiographically at the timed intervals. A Hewlett Packard

Faxitron was used with exposures made using 50 KVP radiation and

Kodak Technical Pan film 2415. The specimens studied were 4 mm

thick.

The radiographic densities of the calvarial and iliac onlay

grafts were compared to the density of stepped aluminum wedges

varying from 0.55 mm to 3.81 mm in thickness (Figures 2, 3 and

4). The radiographic densities of the bone grafts were

correlated with the observations of the hematoxylin and eosin

stained sections.
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RESULTS

None of the animals were lost during this study, and there

were no wound infections. Thirty-five calvarial and thirty-five

iliac onlay bone grafts were studied. One calvarial bone graft

and one iliac bone graft were lost on the four month animal due

to a technical error at the time of necropsy.

Comparison of the retained volumes measured at time of

necropsy revealed an increased resorptive pattern of the iliac

onlay grafts starting at the two-month interval. The calvarial

onlay grafts were observed to have greater retention of their

original volumes (Figure 5). Over the twelve-month period the

mean average volume of iliac bone retention was 52.5%, compared

to 91.2% of the calvarial bone (Figure 6). The mean average

volume of the mature bone grafts in the six- to twelve-month time

frame demonstrated retention of 35.6% for the iliac onlay grafts.

There was 84.5% retention for the calvarial onlay grafts (Figure

7). Measurements and comparisons were based upon the Standard

of Estimated Means for all volumes.

The histologic examination of each bone graft was

accomplished using multiple criteria: marrow spaces,

osteoblastic activity, osteoclastic activity, inflammation,

reversal lines, host/graft interface, and vascularity.

A ranking method was used for grading the criteria. Marrow

spaces were judged as fine, small, medium, or large.

Osteoblastic activity and osteoclastic activity was both ranked

as low, medium, or high. Cellular activity for each interval was
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evaluated as diffuse or localized. The level of inflammation was

graded as absent, extra low, low, medium, high, or extra high.

Bone activity was judged by the presence and number of reversal

lines. Reversal lines were evaluated as low, medium, high, or

extra high. The host/graft interface was judged to be either

fibrous, mixed fibrous-bony, or full bony. Vascularity was

assessed by the presence of barium sulfate-filled arterioles and

arteries within the lacunae and marrow spaces and was ranked as

low, medium, or high. The intra-arterial injection of the barium

sulfate solution observed in the histological sections may not

accurately reflect the total number of viable vessels in the bone

grafts, but it seems justifiable to consider the number of

injected vessels as an index of vascularity. The barium sulfate

was easily detected within the arterioles and arteries.

Findings and observations of the histological specimens

revealed the marrow spaces of the iliac onlay grafts to be large

when compared with the calvarial grafts. which had small to

medium- small marrow spaces. This difference reflects the nature

of the cortico-cancellous graft available from the ilium compared

with the overall cortical nature of the calvarial bone graft.

These morphological findings remained constant throughout the

twelve-month study and correlated with the radiographic

differences of the graft densities (Figures 8, 9, 10 and 11).

The iliac onlay grafts had more osteoclastic activity and

less osteoblastic activity than the calvarial onlay grafts

(Figures 12 and 13). The inflammatory response was markedly high
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during the two-week, one-month, two-month, and four-month

intervals in the iliac onlay grafts and correlated with the loss

of graft volumes after two months. Inflammation was present in

the iliac grafts throughout the twelve-month study (Figures 14

and 15). After six months, no inflammation was noted in the

calvarial onlay grafts (Figure 16).

Remodelling of the bone grafts was evaluated by the number

of reversal lines observed. The iliac onlay grafts displayed a

low to medium number of reversal lines compared with a medium to

high number of reversal lines in the onlay calvarial grafts

(Figures 17 and 18).

Defining osseointegration as a description of a full bony

interface between the grafted bone and the host bone," the degree

of osseointegration was significantly different for the two types

of grafts. A fibrous interface was noted with the iliac onlay

grafts up through two months and never progressed beyond a

partial fibrous-bony interface. The calvarial onlay grafts

progressed from a fibrous interface between the one- and two-

month time frame to a full bony interface beginning at six months

(Figures 8, 9 and 19).

Histologically, revascularization was accomplished by new

vessel ingrowth. 4, 5 A relatively equal amount of barium-perfused

vessels was found in both the calvarial and iliac onlay grafts at

all intervals. Vascularity scores w~re low up to four months and

then were medium until the termination of this study at twelve
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months. No significant differences were noted in the vascularity

of the onlay grafts at any time interval (Figure 20).

When compared radiographically, the densities of the onlay

grafts were significantly different. Compared to the cortico-

cancellous iliac grafts, the cortical calvarial grafts had a

greater than two-fold higher density (Figure 11).

DISCUSSION

There is ample evidence that rib, tibial, and iliac grafts

better retain their calcified matrix when subject to forces of

active function such as stress and strain. When used as onlay

grafts, these same sources of bone graft material can be expected

to lose a considerable ar.ount of their calcified matrix. 16

Reports of increased retention of calvarial bone when used as

onlay bone grafts have been attributed to such factors as its

embryologic origin, early revascularization and delayed

revascularization.6,7

Fonseca's study of revascularization and healing of

particulate autologous bone grafts in primates revealed that the

smaller cortico-cancellous chips of grafted iliac bone were

quicker to revascularize, displayed a greater inflammatory

response, and retained less of the grafted material. The large

particle graft retained more bone than the small particle graft.18

Smith and Abramson reported that bicortical iliac onlay

grafts in rabbits had viable surface bone but that the cancellous

bone was resorbed at three months. During this one-year study,
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the cortical surfaces of the iliac grafts were noted to be

thinner and the grafts smaller than the onlay grafted calvarial

bone, which increased in thickness during the same time interval.

The iliac grafts showed a rapid decrease in volume by three

months and continued to decrease over time, with only 25% of the

original graft bulk remaining at one year, whereas the calvarial

onlay bone grafts showed an increase in volume over the one-year

study. 6

Both of these previous studies report that revascularizatior

is dependent upon the architecture of grafts and that the size of

the bone particle in the graft relates to the inflammatory

response and the retention of the bone graft. Fonseca noted less

osteoclastic activity and inflammation with the larger size

grafts. Smith and Abramson theorized that the early ingrowth of

vessels made for more rapid resorption due to the collapse of the

cancellous portion of the iliac bone graft. They postulated that

the greater volume of mineralized matrix of the calvarial bone

delayed resorption and thus allowed for slow remodelling and

retention of these grafts.6' 8

This study paralleled these previous studies by

demonstrating Increased inflammation and greater osteoclastic

activity in the iliac grafts, which have less mineralized matri-.

In this study the histological quantitative analysis of the

number of viable vessels within the onlay bone grafts did not

show any appreciable difference in the number of barium sulfate-

filled vessels within the grafts. Th,-re was no subjective
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difference in the rate of revascularization for the calvarial or

iliac grafts.

At the twelve-month interval this study had similar results

to Smith and Abramson. There was 30% volume retention for the

iliac grafts and 83% for the calvarial onlay grafts. In the

mature bone grafts of the six- to twelve-month time intervals,

35.6% of the iliac onlay grafts were retained, compared with

84.5% of the calvarial onlay grafts.

Overall, the cortico-cancellous iliac grafts displayed a

consistently greater degree of osteoclastic activity when

compared with the calvarial bone grafts. Inflammation was

consistently higher in the iliac grafts. Of particular note was

the increased inflammatory response found in the first three- to

four-month intervals of the iliac bone grafts. This correlated

with the marked initial resorption and volume of loss for the

iliac grafts during the same time frame. At approximately the

three-month interval, the degree of inflammation noted in the

iliac onlay grafts decreased, yet there was a continued amount of

diffuse inflammation throughout the twelve-months. This

correlated with a decreased rate of volume loss for the iliac

bone grafts over this time frame. The overall inflammatory

response with the calvarial onlay bone grafts was markedly less

than with the iliac onlay bone grafts. Inflammation was

virtually nonexistent in the calvarial onlay bone grafts in the

six- to twelve-month time intervals.
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The increased inflammatory response and osteoclastic

activity seen with the iliac onlay grafts appears to have a

direct correlation to the resorptive pattern in the first three

to four months. The relative lack of osteoclastic activity and

inflammatory response seen with the calvarial bone grafts appears

to have a direct effect on the retention of these volumes.

Correlation of the results of this study with those of

previous studies would indicate that the amount of cancellous

bone grafted with onlay bone grafts has a direct inverse effect

on graft retention. The increased retention of calvarial bone

when used as onlay bone grafts may be due to its architecture of

predominantly cortical bone. The radiographic densities measured

also correlate to the amount of cortical and cortico-cancellous

bone in these grafts. The greater than two-fold density of the

calvarial bone grafts is consistent with the volume of cortical

bone present and directly effects the retention of the grafts.

The iliac bone graft remaining at the ten- and twelve-month

intervals appeared to be the residual cortical bone of the

original grafts, consistent with previous observations. 6 The

amount of cortical bone grafted to a site may be more important

than the source of bone for onlay bone grafting.

CONCLUSIONS

In this study, as in earlier studies, both the calvarial and

iliac bone grafts demonstrated early revascularization. However,

this study showed no difference in the rate or amount of
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revascularization between the two grafts. We conclude that it is

the bone density and architecture, not the rate of

revascularization, which allows for the greater retention of the

calvarial bone when used as an onlay graft. Early

revascularization and delayed resorption of calvarial bone allows

the deposition of new bone in an orderly fashion without the loss

of significant volume. If similar volumes of cortical bone could

be obtained from the ilium, perhaps there would be less

difference in retention of the two types of grafts.

Our clinical observations in humans with autologous

calvarial and iliac onlay grafts parallel the findings of this

animal study. We therefore conclude that autologous calvarial

bone is superior to autologous cortico-cancellous iliac bone when

onlay grafting is indicated for reconstructive maxillofacial

surgery.
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LEGEND

Figure 1: Position of the four calvarial and four iliac onlay

bone grafts on the maxillae and nasal bones.

Figure 2: Radiographic densities of the onlay bone grafts

compared to the densities of stepped aluminum wedges. On the

left are the iliac grafts. On the right are the calvarial

grafts. Two-week interval shown on top. One-month interval

shown on bottom.

Figure 3: Radiographs of the onlay bone grafts. On the left are

the iliac grafts. On the right are the calvarial grafts. Six-

.month interval shown on the top. Seven-month interval shown on

bottom.

Figure 4: Radiographs of the onlay bone grafts. On the left are

the iliac grafts. On the right are the calvarial grafts. Ten-

month interval shown on top. Twelve-month interval shown on

bottom.

Figure 5: Graph showing the comparison of percent retention of

original volume cranial vs. iliac bone.

Figure 6: Graph showing the percent retention all months

averaged together (±1 sem).
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Figure 7: Graph showing the percent retention months 6-12

averaged together (±1 sem).

Figure 8: Iliac onlay graft at four months demonstrating large

marrow spaces and the fibrous interface with the host bone.

Original magnification 100x. Hematoxylin and eosin stain.

Figure 9: Calvarial onlay graft at six-months. Note full bony

interface, small marrow spaces, high number of reversal lines,

and osteoblastic activity. Original magnification 200x.

Hematoxylin and eosin stain.

Figure 10: Graph showing marrow spaces.

Figure 11: Graph showing radiographic densities.

Figure 12: Graph showing osteoblastic activity.

Figure 13: Graph showing osteoclastic activity.

Figure 14: Iliac onlay graft at two-weeks. Note inflammation.

Original magnification 400x. Hematoxylin and eosin stain.

Figure 15: Iliac onlay graft at ten-months. Note continued

inflammation and osteoblastic and osteoclastic activity.

Original magnification 400x. Hematoxylin and eosin stain.
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Figure 16: Graph showing inflammation.

Figure 17: Calvarial onlay graft at seven-months. Note reversal

lines and osteoblastic activity. Original magnification 400x.

Hematoxylin and eosin stain.

Figure 18: Graph showing reversal lines.

Figure 19: Graph showing bone interface.

Figure 20: Graph showing vascularity.
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