INTRODUCTION

1.1 Normal bone formation

Bone formation occurs by two separate processes: endochondral and intramembranous
ossification. Endochondral bone formation occurs on a cartilage model, on which
embryonic mesenchymal stem cells differentiate into osteogenic phenotype, depositing
osteoid and bone. This type of bone formation is responsible for the formation of short and
long bones and those bones ending in joints, including the head of the mandible and base

of skull.}®

When ossification occurs directly, within a connective tissue membrane, it is termed
intramembranous ossification. 1 This occurs during the formation of the cranial vault,
facial skeleton, body of the mandible, the clavicle and scapula. The mandible, therefore,

has both endochondral and intramembranous ossification centres.: 4

Bone is composed of a specialised rigid mineral component consisting of 67% inorganic
matrix, namely, hydroxyapatite and 33% of an organic component made up of 28% Type |

collagen and 5% non-collagenous protein.

The cellular component is subdivided into 3 distinct cell types: the osteoblast, the
osteocyte, and the osteoclast, which are responsible for formation, maintenance and

resorption of bone respectively.! 2

Osteoblasts are derived from a multipotent mesenchymal cell and synthesize collagenous

and non-collagenous bone proteins. Osteoblasts secrete several bone morphogenetic



proteins (BMP), Transforming Growth Factor beta (TGF-B), in addition to insulin-like
growth factor (IGF-1), platelet-derived growth factor (PDGF) and fibroblastic growth
factor beta (FGF-B). The process of mineralization takes place continually when
osteoblasts form and secrete the inorganic and organic constituents of the extracellular
matrix. Osteoblasts display high levels of alkaline phosphatase on their plasma
membranes, which together with other phosphoproteins are critical to the mineralisation of

bone. 24

The osteocyte is a mature osteoblast that becomes entrapped within a bony lacunae. It
controls osteoblast and osteoclast function, and therefore plays an important role in
maintaining strength and health of the bone matrix. Osteocytes communicate with adjacent
osteocytes, osteoblast and osteoclasts via tentacle-like dendrites through multiple
canaliculi. Osteocytes produce a protein called sclerostin, which inhibits osteoblast activity

while stimulating osteoclast activity. 157

Osteoclasts are large multinucleated giant cells of haematopoetic origin that initiate normal
bone remodelling and mediate bone loss in pathologic conditions by increasing their
resorptive activity. The osteoclast precursors are attracted to bone sites destined for

resorption and are under the influence of osteoblastic cells in the bone marrow. % &10

1.2 Bone healing processes

Bone is a remarkable connective tissue that heals entirely by regeneration and the
production of a mineral matrix. Injured bone can repair itself and return to full function
without deformity or scarring.!* The host bed, vascular supply, oxygen tension and

stability of the bony segments or graft, dictates the pattern and speed of bone healing.?



When bone healing occurs directly, it is known as primary bone healing and secondary

bone healing occurs with an intermediate cartilaginous phase. 1 14

The following events occur during healing of a fractured bone: haematoma or clot
formation with release of bone inducing factors and cellular recruitment, inflammation
with the development of fibrovascular tissue and vascular invasion, followed by focal
resorption of osteocytes and the subsequent new bone formation and remodelling.t 2 1> 16

When bone is fractured, its matrix is destroyed and the bone cells adjacent to the fracture
die. The damaged and broken blood vessels produce haemorrhage and subsequent clot
formation. During the repair phase, macrophages remove the blood clot, cells and damaged
bone matrix. The periosteum and endosteum respond by vigorous proliferation of
osteoprogenitor cells, which penetrate between the fragments of the fractured bone.
Primary bone is formed by endochondral ossification of small cartilage fragments. Bone is
also formed by intramembranous ossification within the fracture. This bony repair
progresses by forming irregular trabeculae of primary bone that temporarily unite the ends
of the fracture and is called a bony callus. Normal stresses imposed during healing and by
the patients return to normal function causes remodelling, which reconstitutes the bone as

it was before the fracture.!

1.3 Bone grafting

A bone graft is required when the size of a defect exceeds the body’s natural ability to
restore the missing bone. This is known as a critical size defect.!” The volume of bone
required for grafting a defect will determine the donor site. If a large volume of bone is
required, sites such as the iliac crest (anterior or posterior), the calvarium, the rib, and the

proximal tibia may be used.!® For the reconstruction of large continuity defects, the



posterior ilium provides the best bone in both quality and quantity of cortical and
cancellous bone, with less morbidity than in a lateral approach of the anterior ilium.-2°
Importantly, one should know how much bone is available from these individual sites in

order to properly plan and manage the reconstruction of an oro — facial defect.

1.3.1 Types of bone grafts
Bone grafts can be classified as autogenous, allograft, xenograft, and alloplastic material,

and can even include osteoinductive morphogens.

1.3.1.1 Autografts

This is a graft taken from an individual and transferred to a different site in the same
individual. Autogenous bone grafting is the gold standard by which all grafting techniques
of osseous reconstruction should be judged. An important advantage of autogenous bone
grafts is that they do not trigger an immune response. Furthermore, autogenous cancellous
bone grafts produce the most successful and predictable results and remain the most
effective option for mandibular reconstruction.?® 26 Autografts are osteoconductive,
osteoinductive and osteogenic. The major disadvantage of autogenous bone graft is the

need for a second surgical site and therefore, increased morbidity and surgery time.

1.3.1.2 Allografts

Allogenic bone is bone obtained from one individual transferred to another individual
within the same species.?? 2" There are three forms of allogeneic bone: fresh frozen, freeze-
dried and demineralized bone matrix (DBM). Fresh frozen grafts are not used because of
concerns related to transmission of viral diseases. Freeze-dried allogeneic bone is produced

by dehydrating bone. It is osteoconductive but has no osteogenic or osteoinductive



capabilities, and therefore requires a source of osteo-competent cells for new bone
formation to occur, which may potentially be a disadvantage of this particular form of
allograft. Freeze-dried allogenic grafts are stronger than DBM and can be used as onlay
grafts or as cribs together with autogenous bone grafts. 2 2° By demineralising freeze-dried
bone, DBM is created. This process gives DBM the advantage of exposing osteoinductive

proteins but the disadvantage of decreasing its mechanical strength.?®

1.3.1.3 Xenografts

A xenograft is animal derived tissue used to replace or fill defects in the human body.
These grafts are derived either from mammalian skeleton or coral exoskeletons.?” %
Examples of these grafts are bovine or porcine bone. The advantage of using a xenograft is
that it reduces donor site morbidity. However, xenografts are osteo-conductive without the

osteo-inductive qualities.

1.3.1.4 Synthetic (alloplastic) materials

There are three types of alloplastic materials in routine clinical use: hydroxyapatite (HA) (a
ceramic), other ceramics and polymers. Hydroxyapatite is a ceramic which can be used as
a filler for bony defects or as a bone expander when combined with autogenous bone
during ridge augmentation and maxillary sinus floor augmentation.3! Other types of
ceramics are tricalcium phosphate (TCP), bioactive glass and calcium sulphate.?’” Polymers
are materials that can be fashioned into various configurations. Combinations of
polyglycolic acid and polylactic acid have been used in bioresorbable sutures. These

materials are useful as bioactive scaffolds.3?



1.3.1.5 Osteoinductive morphogens
Osteoinductive morphogens are proteins that have the ability to stimulate the
differentiation of osteoblasts and bone formation. They are classified as osteoinducers,

osteopromoters or bioactive peptides.

Bone morphogenic proteins (BMPs) are morphogens with osteoinductive properties and
belong to the Transforming Growth Factor-Beta (TGF-B) superfamily. These are
considered to be osteopromoter agents that enhance bone healing.?® *3 Critical sized defects
in several preclinical models have healed with BMP, including cranial vault defects and

mandibular continuity defects.3*

Platelet-derived growth factor (PDGF) is angiogenic and stimulates the reproduction and
chemotaxis of connective tissue cells and matrix deposition.® Insulin-like growth factor
(IGF) increases bone cell mitosis and increases deposition of matrix. PDGF and IGF work

together during bone healing.*

The advantage of using bioactive polypeptides is that they act as osteo-enhancers or osteo-
inducers, while stem cells have the potential to differentiate along various pathways

including the direction of bone forming osteocompetent cells.?’ 3

1.3.2 Vascularisation of bone grafts

1.3.2.1 Vascularised bone grafts

A vascularised bone graft retains its nutrient vessels and when anastomosed to the recipient
vessels at the recipient site, becomes immediately viable by providing an immediate blood

supply. It is better suited to poorly vascularised beds, such as irradiated areas, or in



recipient beds with extensive scarring.®® - 40 Advantages of using vascularised composite
grafts are that they resorb less and implants can be placed immediately for dental
reconstruction. Another advantage is the possibility of soft tissue and bone reconstruction
with the same composite graft. This type of graft will have a remodelling process similar to
normal bone. The most common vascularised bone graft donor sites are the fibula, radius,
iliac crest and scapula, with the former three being the most frequently used to reconstruct
mandibular defects. The disadvantage of using vascularised grafts to reconstruct
mandibular defects is that the surgical harvesting and re-anastomosing of blood vessels is
time-consuming, results in substantial morbidity, unsightly donor site defects, and is
costly.? 40 =42 Moreover, free flaps fail to reconstitute the shape, height and form of the

mandible.*®

1.3.2.2 Non-vascularised bone grafts

Non-vascularised autogenous bone grafts may be obtained from both intra-oral and extra
oral sites, depending on the size of the defect being reconstructed. It may be cortical,
cancellous or cortico-cancellous, and may be harvested in two forms: either particulate or
block graft. Advantages of a non-vascularised graft is that large volumes can be obtained,
with decreased surgery time, minimal donor site morbidity, and recipient site scarring.
Non-vascularised particulate cortico-cancellous grafts can be used to restore defects of any
length as the distance to soft tissue interface, (the closest angiogenic source) determines
success not the distance of the defect from bony margin to bony margin.** A disadvantage
of using non-vascularised bone graft is that the failure rate increases in poorly vascularised
beds, irradiated areas or areas of excessive scar tissue and dental implant success rates vary

from 60 - 90 %3840



1.3.3 Bone graft healing

Bone graft healing and regeneration occurs by three mechanisms:

Osteoconduction - new bone formation occurs from the adjacent bone, recipient bed or
from the periosteum through a matrix that acts as a scaffold. Any material which allows or
directs bone formation along its surface can act as a scaffold. This phenomenon is also
known as ‘creeping substitution’. 1°

Osteoinduction - biochemical transformation and stimulation of stem cells into bone-
producing cells. Bone morphogens of the Transforming Growth Factor-f (TGF-p)
superfamily are the most important in this regard. 2% 4

Osteogenesis - the formation of new bone by transplanted osteoprogenitor cells. The
numerous surviving endosteal osteoblasts are the cells within a graft which produce new
bone. 19, 22, 41

Importantly, an ideal bone graft material should incorporate all three of the above
mechanisms to optimally regenerate and induce new bone formation at the graft site. The

structure of the bone graft may be block or particulate which will determine the rate of

healing and remodelling of the graft.

Vascularised cortical block bone grafts heal via anastomosis of blood vessels to the
recipient vessels and will heal as in normal fracture healing. The implantation of
autologous non-vascularised cortical, cancellous and particulate bone produces a vigorous
growth of new bone, leading to the formation of bony ossicles as a result of the activity of
the transplanted cellular components combined with those of the host tissue. Buchardt
(1983) summarised the three differences between cortical and cancellous bone graft

healing as follows:



- Cancellous grafts revascularise completely and more rapidly than cortical bone
grafts.

- Cancellous grafts have an appositional bone formation phase, followed by a
resorptive phase, while cortical grafts undergo a reverse creeping substitution
phase.

- Cancellous grafts repair completely with time, while cortical grafts remain as an

admixture of necrotic and viable bone.*> 46

The process of bone graft healing occurs in two phases.'® During the first phase of bone
healing, no major differences are seen between cortical and cancellous grafts. The initial
regenerative process begins within hours of placing the graft. Osteoblasts begin the
production of osteoid and the haematopoietic stem cells start differentiating into
osteoblasts.*®* Angiogenic rates differ in cortical and cancellous grafts after this initial
regenerative phase. The degeneration of the cancellous graft marrow spaces creates
channels for ingrowth of new vessels from the host bed. Often, autologous cancellous
grafts have completed revascularisation by 1 week while cortical grafts revascularise by

ingrowth of vessels through Haversian canals after a period of 6 — 8 weeks.

During phase 1 healing of a particulate cortico-cancellous graft, new bone formation
occurs as a result of the survival of transplanted osteocompetent cells, which form the
foundation of new ossification.™ 2% 43 This bone is very cellular and disorganised without
meaningful structural rigidity and is called woven bone. Several angiogenic and
transforming growth factors initiate the second phase of bone healing. Again, the most
important growth factors belong to the transforming growth factor (TGF)-B superfamily.®

43,47 Mature osteoclasts secrete coupling chemokines that cause recruitment and maturation



of osteoblasts and is a fundamental part of the remodelling of bone grafts. * This second
phase of bone remodelling is known as lamellar compaction. This bone is more

mineralised, highly organised but less cellular.'?

Cortico-cancellous block grafts undergo greater volumetric decline than compressed
cortico-cancellous particulate grafts due to the differences in the initial cellular
concentration and the rapidity with which the blood vessels derived from the soft tissue can
gain access to the graft. The key to successful grafting is the distance from the closest
source of angiogenic invasion rather than the distance from the bony margins.*® Failure of
bone graft healing occurs when the biological parameters of the graft (handling, storage
and number of transplanted cells) and the host’s local or systemic factors are transgressed.
The graft factors may include the volume of viable cells transplanted in the graft, the
temperature of the environment, and the storage medium. The host factors that may
determine success of the graft are systemic illnesses, radiation therapy to the area, intra-

oral or extra-oral access to the recipient site, and immobility of the grafted bone. 20232843

There are many studies which support the use of particulate cortico-cancellous grafts to
effectively regenerate bone and reconstitute continuity defects of any length and shape in
the mandible more accurately than a vascularised free bone graft, with decreased morbidity

and cost.28 49-52
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1.4 Reason for this research study
There is uncertainty regarding the structure of bone grafts required to repair mandibular

defects, and the volume of bone required to optimally repair 1cm of a mandibular defect.

Pogrel (1997) and Foster (1999) reported that vascular free flaps should be used for the
reconstruction of mandibular defects longer than 6cm.> % Ferretti et al., raises the issue
that Pogrel and Foster refer to block grafts only and not to particulate cortico-cancellous
grafts. 4> 5% 5 Marx (1988) has estimated that to repair 1cm of a mandibular defect, 8 —
10cc of non-compressed particulate cancellous bone marrow graft is required. Although
the volume of bone obtainable from the posterior iliac crest has been studied by many
surgeons, only one article by Mirovsky used weight as a measurement to quantify bone
grafts. 2 %%° Mirovsky used the iliac crest bone grafts in spinal fusion surgery, not for
oro-mandibular reconstruction. No guidance is given regarding the amount of bone

required for a particular defect length.

Determining bone volume intra-operatively can only be done by volume displacement
method which is cumbersome and requires soaking bone in fluid which may be detrimental

to cellular viability.

I am hoping to determine the mass of bone required to reconstruct a 1cm mandibular
continuity defect successfully. By measuring the weight and volume of bone graft per
centimetre of defect, | can calculate the volume per gram (cc/g) of harvested cortico-

cancellous particulate bone graft required to repair a defect in the mandible

11



2. AIMS AND OBJECTIVES

2.1 Aims
The aim of this study is to quantify the mass of autogenous bone required to grafta lcm
mandibular continuity defect with a particulate graft harvested from the posterior

iliac crest.

2.2 Objectives
e To quantify the wet bone mass and volume of cortico-cancellous bone graft
required to repair 1cm of a mandibular continuity defect.
e To assess whether the quantity of bone available for harvest differs in male and

female patients.

12



3. MATERIALS AND METHODS

3.1 Study design

A retrospective observational cohort study was conducted using the database of patients
who had mandibular reconstruction with particulate cortico-cancellous graft from the
posterior iliac crest. All patients were treated at the Department of Maxillofacial and Oral
Surgery, School of Oral Health Science, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg. Permission to use the database was obtained from the acting
Head of the School of Oral Health Sciences and ethical clearance was obtained for the
Human Research Ethics Committee of the University of the Witwatersrand (Appendix B).

Patient records were obtained for the time period January 2010 to January 2015.

3.2 Selection of patients
3.2.1 Inclusion criteria
All patients with continuity defects of the mandible (secondary to resection of
benign pathology, trauma or infection) requiring reconstruction were included in

this study.

3.2.2 Exclusion criteria

Patients in poor general health and thus poor candidates for surgery were excluded.
Patients who did not require osseous reconstruction e.g. patients whose defects
could be left edentulous without undue compromise of the patient’s quality of life.
These were patients who had tumours of the mandibular ramus that extended into

the body with the loss of no more than 2 molars.
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Patients who expressed concern about their ability to return for several follow-up
operations as they were from rural areas. These patients were treated by resection
or debridement only and reconstructed with a mandibular reconstruction plate.

Any patient whose defect length was of such magnitude that bone substitutes and
osteo-inductive morphogens were required to augment the bone graft, were
excluded.

Patients with malignant pathology, who received radiation therapy.

3.3 Stages of treatment

3.3.1 Treatment planning and resection stage

All patients were treated in two stages. The first stage involved treatment planning
with  computed tomographic scanning and standard radiography. A
stereolithographic model was prepared following virtual treatment planning which
allowed for the production of a patient-personalised prebent titanium plate (Biomet
Microfixation, Jacksonville, Florida, USA). Once the tumour had been resected and
the prebent plate secured to the mandible, a non-toxic medical and food grade soft
silicone spacer was placed and secured to the reconstruction plate with 0.18 inch
stainless steel wire (Figure 1). The operative site was then closed in layers. The
patient was fed via the nasogastric tube, administered intravenous antibiotics for 7

days, and kept in inter-maxillary fixation for a period of six to eight weeks.

14



Figure 1. Silicone spacer in situ, secured with 0.18 inch stainless steel wire.

3.3.2 Reconstruction stage

After a six to eight week healing period, a bone graft was harvested from the
posterior iliac crest, (either unilateral or bilateral) while the patient was in the prone
position. The bone was weighed on a kitchen scale and recorded as the wet weight
in grams (Figure 2). Once harvested, the bone was stored on ice to maintain cellular
viability. The patient was returned to the supine position and the mandibular defect
was exposed via an extra-oral submandibular approach. The defect length was
measured with a flexible ruler in centimetres and recorded (Figure 3). The spacer
was removed, the recipient soft tissue bed and the osseous interfaces carefully

debrided and refreshed (Figure 4). The harvested bone stored on ice was milled

15



with a power bone mill (Stryker Leibinger, Michigan, USA). The milled particulate
cortico-cancellous bone was transferred into 20ml plastic syringes and maximally
manually compressed to expel all blood, fat and air (Figure 5). The compressed
bone volume was recorded. Compressing the particulate graft produced a compact
graft that was easily contoured to the shape of the mandibular defect (Figure 6).
The compressed cortico-cancellous graft was syringed into the recipient bed.
Careful attention was given to adapting the particulate graft to the mandibular bony
interface. Suspension sutures were placed through the reconstruction plate from
buccal to lingual to prevent graft subsidence and the site closed in layers. The
patient was fed via the nasogastric tube and given intravenous antibiotics for 7
days. The patient was placed into inter-maxillary fixation for a period of 6 weeks to

allow for graft consolidation.
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Figure 2. Harvested cortico-cancellous bone from the posterior iliac crest weighed.
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Figure 3. Silicone spacer removed at reconstruction phase and measured in centimetres.
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Figure 4. Graft bed and bone margins refreshed before placement of particulate cortico-

cancellous graft.
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Figure 5. Particulate cortico-cancellous graft compressed in 20ml syringes.

20



Figure 6. Compressed cortico-cancellous graft syringed onto graft bed, moulded into shape

of mandible.

3.4 Data collection

Patient clinical records were obtained from the patient data base and their clinical records
were allocated a study number to maintain anonymity.

The patient’s age, gender and cause of mandibular continuity defect was obtained from the
clinical records. The length of the defect (cm), wet bone mass in grams (g), compressed
bone volume in cubic centimetres (cc) and the compressed bone volume used (cc), was
recorded on the date of reconstruction. From this data the mass of wet bone used for 1cm
of mandibular defect (g/cm) was calculated. The compressed bone volume per centimetre
of mandibular defect (cc/cm) and the compressed bone volume per gram (cc/g) were also

calculated. (Table 1, 2, and 3)
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3.5 Statistical analysis

Data were captured using an Excel spreadsheet, and was imported into the Stata 13.1
(Microsoft Corporation, Redmond, Washington) programme for further analysis. The
baseline characteristics of the patients were described by using frequencies and
percentages for sex, and means, standard deviations and ranges for all variables. Skewness
test was used to determine the distribution of the data, and the independent Students t-test
was used to determine variability between the males and females. A p-value of < 0.05 was
chosen as an indication of statistical significance. All variables were normally distributed

in the population; therefore no non-parametric tests were used.
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4. RESULTS

Thirty one patient records were included in this study of which 11 were males and 20 were
females. The defects were the results of resections of ameloblastoma (n=25), cemento-
ossifying fibroma (n=2), ameloblastic carcinoma (n=1), odontogenic myxoma (n=1),
central giant cell granuloma (n=1), and gun-shot injury (n=1).

The mean age of all 31 patients was 27.43 with a SD of 10.63 and a range of 12 - 62 years.
All the ensuing data is reported as mean + SD and (range). Combined data refers to male

and female data together.

4.1 Wet bone mass (g)
The wet bone mass in males was 70.82 + 16.73 g (47 — 98 g), and in females was 62.2 +
15.97 g (32 — 100 g). The combined wet bone mass was 65.26 + 16.50 g (32 — 100 g).

There was no statistical difference between males and females.

4.2 Compressed bone volume (cc)

The compressed bone volume in males was 38 + 10.49 cc (23 — 52 cc) and in females was
29.45 + 6.61 cc (21 — 42 cc). The combined compressed bone volume was 32.48 + 9.03 cc
(21 — 52 cc). There was a statistically significant difference in the compressed bone

volume between males and females with a p-value of 0.01.

4.3 Compressed bone volume used (cc)

The compressed bone volume used in males was 36.32 + 9.77 cc (23 — 50 cc) and in

females was 29.2 + 6.19 cc (20 — 42 cc). The combined compressed bone volume used was
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31.73 £ 8.25 cc (20 — 50 cc). There was a statistically significant difference in the

compressed bone volume used between males and females with a p-value of 0.02.

4.4 Defect length (cm)
The defect length for males was 10.14 + 3.16 cm (6.5 — 16 cm), and in females was 8.65 +
2.12 cm (6 - 12.5 cm). The combined defect length was 9.15 + 2.61 cm (6 — 16 cm). There

was no statistical difference between males and females for defect length.

4.5 Gram per centimetre of defect (g/cm)

The wet bone mass (g) per centimetre of mandibular defect in males was 7.4 + 2.04 g/cm
(4.09 - 11.38 g/cm), and in females was 7.39 + 1.84 g/cm (4.67 - 10.72 g/cm). The
combined wet bone mass per centimetre of mandibular defect was 7.43 + 1.89 g/cm (4.09 -

11.38 g/cm). There was no statistical difference between males and females.

4.6 Compressed bone volume per centimetre of defect (cc/cm)

The compressed bone volume per centimetre of mandibular defect in males was 3.74 +
0.75 cc/em (2.27 - 4.88 cc/cm), and in females was 3.49 + 0.72 cc/cm (2.2 - 4.67 cc/cm).
The combined compressed bone volume per centimetre of mandibular defect was 3.57 +
0.73 cc/lcm (2.2 - 4.88 cc/cm). There was no statistical difference between males and

females.

4.7 Compressed bone volume per gram of wet bone (cc/g)

The compressed volume obtained from 1g of wet bone mass in males was 0.54 + 0.09 cc/g

(0.40 - 0.74 cc/g), and in female was 0.48 + 0.07 cc/g (0.37 - 0.63 cc/g), while the
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combined compressed bone volume per gram was 0.50 = 0.08 cc/g (0.37 - 0.74 cclg).

There was no statistical difference between males and females.
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5. DISCUSSION

This study investigated the mass and volume of particulate cortico-cancellous bone grafts
from the posterior iliac crest, needed to repair mandibular defects. Data was collected from
31 patient records, which included: gender, age, reason for resection, wet bone mass,
compressed volume, compressed volume used, and defect length. From the recorded data,
the following variables could be calculated, grams per centimetre, volume per centimetre,

volume per gram.

5.1 Wet bone mass harvested

At the reconstruction phase, cortico-cancellous bone was harvested from the posterior iliac
crest (unilateral or bilateral). Wet bone is the quantity of bone harvested from the donor
site, without any blood removed and no fluids added. There was no statistically significant
difference in the wet bone mass harvested between males and females, thus the combined
figure of 70.82 g of wet bone is the mean that can be expected from bilateral posterior iliac

crest harvest.

5.2 Compressed bone volume and compressed volume used

This study found a statistically significant increase between the compressed bone volume
and the compressed bone volume used in males as compared to females. The mean and the
range of compressed bone volume in males (in cubic centimetres) was 38 cc (23 — 52 cc),
and 29.45 cc (21 — 42 cc), in females. The mean and range of compressed bone volume

used in males was 36.32 cc (23 — 50 cc), and 29.2 cc (20 — 42 cc) in females.
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To corroborate my impression that female bone may be more compressible than male bone
(due to decreased trabecular density), a compressibility index was developed. The
compressibility index was calculated by dividing the compressed bone volume by the wet
bone mass. The male mean wet bone mass was 70.82 g and the mean compressed bone
volume of 38 cc yielding a compressibility index for male bone of 0.54. The female mean
wet bone mass was 62.2 g and the compressed bone volume was 29.45 cc yielding a
compressibility index for female bone of 0.47. This data further supports the contention
that particulate cortico-cancellous bone of female patients is more compressible (or less
dense), than that of males. Thus female bone is about 12% more compressible (100 - 47/54
= difference in bone compressibility in percent), and females may require 12% more wet

bone mass than the male mean wet bone mass.

Importantly, in 4 patients not all the compressed volume of bone was used. This is only
one of the reasons why it is so important to quantify the mass and volume of bone graft
required per centimetre of defect. This quantification will decrease morbidity rates and

bone wastage.

5.3 Quantitative comparison of mass/centimetre, volume/centimetre and volume/
mass of defect

The combined data found that for each centimetre of mandibular defect 7.43 = 1.89 g of
wet bone mass was used, and 3.57 £ 0.73 cc of compressed particulate bone was used. The
combined mean volume of compressed bone obtained from 1 gram of wet bone was 0.50 +
0.08 cc.

In males, for each centimetre of mandibular defect 7.4 g/cm of wet bone mass was used

and 3.74 cc/cm of compressed particulate bone was used. The mean volume of compressed
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bone obtained from 1 gram of wet bone was 0.54 cc/g. In females, for each centimetre of
mandibular defect 7.39 g/cm of wet bone mass was used, and 3.49 cc/cm of compressed
particulate bone volume used. The mean volume of compressed bone obtained from 1
gram of wet bone was 0.48 cc/g. There is no statistically significant difference for the

above variables between males and females.

The combined range of wet bone mass used per centimetre of mandibular continuity defect
(4.09 — 11.38 g/cm) was larger than expected. Although this study did not assess the
volume of the final ossicle, | have to surmise that the volume of bone implanted would
have affected the final ossicle size. The low value of 4.09 g/cm, which | would expect from
either small patients or for large defects, would result in a low volume ossicle (Figure 7).
The high value (11.38 g/cm), which I would expect from smaller defects or larger patients
would result in high volume ossicle (Figure 8). Nevertheless, all defects reconstructed

(even those with 4.09 g/cm) yielded ossicles adequate for endosseous fixture placement.

5.4 Limitations of the current study

A larger sample size may have resulted in a better statistical correlation between the
variables. Correlation of compressed bone volume implanted to final ossicle size would
have provided important information regarding volumetric changes during bone graft

maturation.
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Figure 7. Low volume ossicle.

Figure 8. High volume ossicle.
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6. CONCLUSIONS

The mean wet bone mass of particulate cortico-cancellous bone graft required to
adequately repair 1 centimetre of mandibular continuity defect is 7.43g/cm. There was a
statistically significant difference in the compressed volume and compressed volume of
bone used between males and female. Female bone is about 12% more compressible than

male bone. This may require 12% more wet bone mass harvested for female patients.
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APPENDIX A:

Data recording table used in this study

Study
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Gender
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Defect

length (cm)

Wet bone
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Compressed

bone volume (cc)

Compressed bone
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