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ABSTRACT 

The purpose of this study was to e8tablish standards (norms), based on three-dimensional 

stereomicroscopic surveys of the anterior implant-bearing area of severely-resorbed human 

edentulous mandibles. Such standards could possibly be applied towards the development of 

a series of transmandibular implants which would have wide applications in a broad spectrum 

of patients. 

The sample consisted of forty five severely-resorbed human edentulous mandibles eminating 

from people of various ages, both genders and several ethnic groups. Only 28 specimens were 

accompanied by pertinent details about the deceased. Measure~ents were made in the anterior 

mandibular area bounded by the mental foramina. Menton, Gnation and the inferior point 

showed that they could not be us cl UiJ\Val!.P igaing~a "universal" transmandibular implant 

with baseplate width and angulation of its transmandibular components such that it would be 

applicable to a broad spectrum of patients. 
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OPSOMMING 

Die doel van hierdie studie was die daarstelling van standaarde (norme ), gebaseer op drie­

dimensionele stereomikroskopiese opmetings van die anterior inplantaat-draende .area van erg 

resorbeerde, tandlose, menslike mandibulas. Die standaarde kan moontlik gebruik word vir 

die ontwikkeling van 'n reeks transmandibulere inplantate wat bruikbaar sou wees vir 'n bree 

spektrum pasiente. 

Vyf-en-veertig, erg-resorbeerde, tandlose menslike mandibulas vanuit 'n bree spektrum van 

die bevolking was vir hierdie studie gebruik. Slegs 28 monsters het volledige besonderhede 

ten opsigte van ouderdom, geslag en etniese herkoms, van die oorledenes besit. Die anterior 

gebied tussen die mentale foramina het gedien as opmetings area. Menton, Gnation en die 

inferior punt van die basis van diir;et;i;nfiSe~r~io~~::~§~~~ 
Die opmetings het onder andere l angulere verhouding tussen die 

superior kruin van die mandibule n ingesluit. 

Daar kon geen verband tussen m om, geslag of bevolkingsgroep 

aangedui word as gevolg van die 11f1.J2"eT e~ iita.l ie analisering van die resultate 

bet ook aangedui dat daar nie 'n\ \ u i e ele" r!lnsm~~dipulere inplantaat met 'n spesifieke 

basisplaat breedte en angulasie van die transmandibulere onderdeel kan ontwerp word, wat 

bruikbaar sou wees vir 'n bree spektrum pasiente, nie. 
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INTRODUCTION 

Historical background 

Prosthetic treatment of the edentulous mouth developed during the nineteenth and twentieth 

centuries to the extent that a well-fitting and occluding complete denture became an acceptable 

alternative to natural teeth, as long as the residual alveolar structures provided adequate 

support and retention. There has, however, always been a small percentage of individuals who 

fail to become accustomed to dentures, without sufficient anatomical support of the tissues. 

Progressive resorption of the alveolar support of the dentures tends to undermine retention and 

stability with increased potential for trauma and discomfort of the underlying tissues. This 

process can cause functional and~p~s=y_~ch~a~soe~i~·a~~~§§? 

ndeavoured to replace lost teeth. 

bridges (Woodforde, 1968). The 

.concept of an intrabony implan~EiiiPlm~~iitngfi~faiite,d at the tum of the sixteenth 

century when the transplantation ® If: to by Pare in 1564 as cited by 

Woodforde (1968). '\TESTER CA.PE 

The history of dental implants as recorded by Maggiolo in Manuel de /'art Dentaire dates 

back to 1809 (Natiella et al. 1972). These root-shaped implants, were made of gold. Harris 

(1887) and Berry (1888) suggested the use of lead for root shaped implants, while Scholl 

(1905) studied porcelain as the implant material of choice; Casto (1914) reported the use of 

iridio-platinum roots. In Germany, Ehricke (1920) and Schneider (1937) described the 

utilization of ivory roots to replace lost teeth and in America, Strock (1939) suggested 

Vitalium 1 as the alloy of choice. 

Implant materials 

The use of acrylic teeth as replacements for lost natural teeth was described by Hegedus and 

Inke (1957), Hodosh et al, (1964; 1967; 1968), Brown, Neff and Tylenda (1969) and Hamner, 

1 Austenal Dental, 5101 S Keeler Ave, Chicago, IL, USA 
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Reed and Hand (1970). Dogs, monkeys and baboons were used as research animals. The 

researchers reported on various criteria for success and concluded that the encouraging results 

merited further investigation. On the other hand, Boucher and Surwillo (1968) found that 

acrylic roots implanted in the jaws and soft tissues of rabbits produced an unfavourable tissue 

reaction; they concluded therefore that acrylic was not a suitable implant material. 

lswaschenko (1957), Hodosh (1960), Hodosh ~. (1964) and Lam and Poon (1968) 

documented clinical cases with varying results. Hodosh et al, (1968) theorized about a fibre 

support system which would simulate the periodontal ligament. The histological reports of 

Lam and Poon (1968) demonstrated epithelial tissue encapsulating the implant; this finding 

supported the results of Boucher and Surwillo (1968). Balogh (1964) suggested a gold 

platinum alloy for root shaped impJants supporting dentures. 

The earliest cobalt based alloy utiitt;~· i~~;;~~i1~~ 
of 30% chromium, 7% tungsten, . 

replaced with 5% molybdenum res 

The tungsten was soon 

(Smith 1974). Further changes 

in the constituents of this materi . Currently-available surgical 

Vitallium has a composition of /~ JllOlybdenum 6%, carbon 3,5% 

maximum, manganese 1 % maxi % m~ im m (Weisman, 1970). The alloy 
', 

used for conventional dental castings has less carbon, more silicon and manganese for 

improved elongation and castability (Fitzpatric 1968). Goldberg and Gershkoff (1949) utilized 

Vitallium screws to stabilize implants, whereas Linkow (1954; 1958) developed a different 

design and relied on fibrous encapsulation to achieve implant stability. Wimmer (1979) 

utilized surgical-grade Vitallium to avoid the possibility of impurities entering the metal during 

casting procedures. 

Marziani (1954) preferred tantalum as an implant material because of its ductility and 

malleability which facilitated the manufacturing process. The implants could be placed 

during a single surgical procedure which was an advantage over the more conventional two­

stage cast implant. 

Pedersen, Haanaes and Faehno (1979) described the failure of porous ceramic subperiosteal 

transmucosal implants due to unfavourable tissue response. Experimental work in dogs by 

http://etd.uwc.ac.za/ 
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Evaskus, Rostoker and Laskin (1980) was based on the use of sintered titanium fibre 

composite. This material was covered by the periosteal membrane and mucosa and left 

unloaded. There was no evidence of subperiosteal bone formation over the implant. 

Homsy (1970) investigated the biocompatibility of materials utilizing in vitro techniques to 

predict quantity and cytotoxicity of moieties released by the implant materials. To verify his 

assessment that vitreous carbon implants could be used in humans, limited animals studies was 

suggested. Grenoble and Voss (1977) did a longitudinal analysis of vitreous carbon 

endosseous implants. The negative results could be attributed to the great number of variables 

introduced into this study. Kent and Bokros (1980) described the use of two types of 

pyrolytic carbon-coated metallic dental implants in baboons and dogs. Clinical mobility, 

and histological analysis were performed. 

~~~~===~:§~;;;~eek was superior and the results 

of this study formed the basis fo 

(1980) prepared a paper for the 

~ects. Schnitman and Shulman 

Development Conference, usin.gA~~~~~~~~~~Yl vitreous carbon implants by 

James (1980) and the experimeqt J fi cH ~rd Tooth Implant-Transplant 

root implants could no longer be used as free-standing implants in the absence of interdental 

splinting. 

Hulbert, Morrison and Klawitter (1972) evaluated the biocompatibility of porous calcium 

aluminate, calcium titaniate and calcium zirconiate and observed no histological signs of 

rejection or of toxic or carcinogenic responses in the soft tissue of rabbits. Davis et al, (1972) 

found that because of corrosion and toxicity, lead and arsenic-selenium-sulphur glasses were 

not suitable materials for implantation. Young (1972) demonstrated the experimental success 

of calcium aluminate ceramics as tooth root replicas in dogs. Hamner, Reed and Greulich 

(1972) and Hamner and Reed (1973) showed similar results in baboons. McLean (1967) 

studied aluminous porcelain and propagated its use as a biocompatible implant, given its 

similarity to natural dentine in respect of physical properties. 

http://etd.uwc.ac.za/ 
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The use of titanium in implantology is well-known, but little has been published in the 

literature. Parr, Gardner and Toth (1985) and Taira, Moser and Greener (1989) described 

titanium and its alloys and proposed its use as ·a dental implant material, as a result of its 

biocompatibility and excellent physical properties. 

Pure titanium and its alloys are most commonly utilized for implants. The most popular alloy 

contains aluminium and vanadium which serve as stabilizers and strengtheners. Casting of 

titanium is technically sensitive due to its high chemical reactivity with oxygen at elevated 

temperatures. The casting techniques demands highly sophisticated equipment with the 

result that titanium and its alloys are used mainly in machine-wrought form. 

fracture. nt oiled and the phagocytosis phase ......................... .._ ............................ ~ 
mu-ch more rapid. This results i f fibroblasts in Jhe surrounding 

tissues in an attempt to lay down al the site of implantation. This 

fibroblastic proliferation and deQ~OSI~· ~· -~~~~~~~~~d to the formation of a fibrous 

tissue plug which fills the bone-i 

fourteen days. In the absence 

is w orCJfr is normally completed within 

n ~n @xic or allergenic reaction, the 
•1 

connective tissue is eventually replaced by bone (Atkinson and Witt 1982). Earlier research 

with endosseous and subperiosteal implants demonstrated fibrous encapsulation of the implant 

bone interface. This led to the postulation that tissue reaction to an implant would result in 

the formation of a suspensionary sling around the implant as a result of the occlusal stresses 

placed on it. However this reaction jeopardizes the integrity of the implant. 

Branemark (1983) has reviewed the underlying principles of osseointegration and its 

application to root-form endosseous implants. Osseointegration can be defined as a direct and 

functional connection between ordered living bone and the surface of a load-carrying implant. 

The creation and maintenance of osseointegration depends on a fundamental understanding 

of and regard for tissue healing and the reparative and remodelling capacities of bone. In 

1952 Branemark and co-workers did their initial work on rabbits and beagle dogs. Meticulous 

surgical techniques, augmented by intravital microscopy, were used to establish 

osseointegration between unloaded implants and bone. (Branemark, Zarb and 

http://etd.uwc.ac.za/ 
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The use of titanium in implantology is well-known, but little has been published in the 

literature. Parr, Gardner and Toth (1985) and Taira, Moser and Greener (1989) described 

titanium and its alloys and proposed its use as a dental implant material, as a result of its 

biocompatibility and excellent physical properties. 

Pure titanium and its alloys are most commonly utilized for implants. The most popular alloy 

contains aluminium and vanadium which serve as stabilizers and strengtheners. Casting of 

titanium is technically sensitive due to its high chemical reactivity with oxygen at elevated 
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Albrektsson, 1985). They came to the conclusion that pure titanium was the most suitable 

biocompatible material available and extended the study to include human subjects 

(Albrektsson et al, 1981 and Carlsson et al, 1986). The crux of the healing process is for 

bone and marrow to heal as highly differentiated tissue in the absence of scar tissue due to 

trauma caused by surgery, bacteria and occlusal loading. After an initial healing period of 

three to four months in the absence of occlusal forces, the mucoperiosteal flap could be 

prepared for joining of abutments and further prosthetic treatment. 

Implant systems 

The implant systems that were developed and suggested were as varied as the earlier materials 

of choice. The following discussion of implants will be based on the classification suggested 

by English (1990). 

1. 

a) 

b) 

c) 

d) 

e) 

2. 

3. 

1. 

ENDOSSEOUS 

Ramus frame 

Pins 

Discs 
UN IVERS I TY nfthP 

\\TESTER CAPE 
Cylindrical or root-form 

Plate form 

SUBPERIOSTEAL 

TRANSOSSEOUS 

ENDOSSEOUS 

Endosseous implants are those that are surgically placed in the jawbone and protrude only at 

one point through the cortical bone to support a prosthetic device. They can be metal of non­

metal origin. 

http://etd.uwc.ac.za/ 
 



a) Ramus frame (Fig. 1) 

lJNIVERSITYo/thr:­
\\TESTER C 1 PE 

Fig. 1: Three ramus frame implants 

6 

The ramus frame implant was developed and described by Roberts and Roberts (1970) as a 

posterior support for mandibular fixed partial dentures where the existing mandibular width 

and height were insufficient. Nelson (1974) described it as a one piece tripodal endosseous 

implant that derived support for the complete mandibular denture from the symphysis region 

and the ascending rami of the mandible. Kerley et al. (1981) reported a success rate of 

91 % over a period of twenty-six months for fifty-six patients. The most common 

complication was paraesthesia of the inferior alveolar nerve and early failure of the 

unsuccessful implants. 

http://etd.uwc.ac.za/ 
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b) Pins (Fig. 2) 

lJN IVERS I TY o/ t/11:' 

Fig. 2: 

Pins were proposed by Scialom (1963) as endodontic stabilizers. The implant protruded 

through the apex into the jaw bone. Orlay (1960) utilized endodontic splinting to stabilize 

compromised periodontal teeth. Complications included penetration of the maxillary· sinuses 

or floor of the nose, and injury to larger vessels and nerves. Shaykin (1962) reported a 

degree of success with endodontic implants over a period of fourteen months. Radiographic 

criteria were advanced to evaluate success or failure of the implant. The cytotoxicity of the 

materials used to cement the implants could have contributed to the lower success rate. 

http://etd.uwc.ac.za/ 
 



c) Discs (Fig. 3) 

Fig. 3: 

This implant originated with Scortecr n 

unique two stage design with buc 

implant design resembled an eight 

d) Plateform (Figs. 4 and 5). 

Fig. 4: Various mandibular plateform implants 

8 

http://etd.uwc.ac.za/ 
 



9 

Fig. 5: Various forms of m 

This concept was initially propose~~~~E;~~~~~~ 

was developed by Linkow (1964; 

incorporated in the blade to encourage bone ingrowth for additional anchorage. Many designs 

are commercially available and include a two stage type which allows for a healing period 

before occlusal loading of the implant. 

e) Cylindrical or root-form 

This was one of the earliest designs and is the most popular one in use. The bulk of current 

research focusses on this concept, which can be subdivided into four different categories: 

http://etd.uwc.ac.za/ 
 



Fig. 6: 

Fig. 7: 

10 

i) Cylindrical bullet, e.g. lntegraI2 (Fig. 6) 

ii) 

2 

Cylindrical basketS~~~~~F'fi~~~~ 

UN IVERS I TY of thP 

Various cylindrical basket implants 

Calcitek, Inc. 2320 Faraday Ave. Carlsbad, CA 92008, USA 

3 Core-vent Corp. 15821 Ventura Blvd, Encion, CA 91436, USA 
http://etd.uwc.ac.za/ 
 



Fig. 8: 

Fig. 9: 

iii) Cylindrical screw, e.g. Branemark4 (Fig. 8) 

iv) Cylindrical fin , e.g 

\\T 

Various cylindrical fin implants 

11 

4 Nobelpharma USA, Inc. 5101 S Keeler Ave, Chicago, IL. USA 

5 Stryker Dental, 420 Alcott Street, Kalamazo MI. USA 
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All the above-mentioned have the same basic cylindrical design. The cylindrical bullet has 

a rounded apical shape whereas the basket has a flat apical area. The cylindrical screw has 

the same tapered apical area as the bullet design but also has a screw thread on the axial sides, 

while the fin design embodies a flat apical area and instead of a screw thread, parallel fins are 

mounted onto the centre core. 

2. SUBPERIOSTEAL (Figs. 10 and 11) 

Fig. 10: Various designs o 

Fig. 11: Unilateral maxillary subperiosteal implant 

http://etd.uwc.ac.za/ 
 



13 

The full-arch subperiosteal implant originated with and was developed by Dahl (1956). 

Designs varied from unilateral partialframes (Weber 1966) to bilateral and full-arch frames 

for edentulous patients. Cranin and Cranin (1966) described a simplified full arch 

subperiosteal implant. The clinical problems experienced with subperiosteal implants have 

often been associated with the prescribed two-stage procedure: the surgical site had to be 

exposed twice, and a sensitive technique was required to provide an accurate substructure to 

support the prosthetic device. 

Linkow (1967) reported a ten-year retrospective study based on his unilateral subperiosteal 

design and reported that it had a definite place in dentistry if used · in the correct clinical 

situations. 

3. 

Fig. 12: Transmandibular implant 

The transmandibular implant has been recommended for patients with extensive mandibular 

alveolar bone loss who have problems wearing conventional complete dentures (Unger and 

Crabtree, 1991). 

The basic design consists of a base plate and two transosseal pins that penetrate the mandible 

mesial to the mental foramina and incorporate self-tapping retention screws. Small and 

http://etd.uwc.ac.za/ 
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Kobernick (1969) designed the stainless steel staple implant and utilized dog studies to test 

its possible clinical application. Small (1975; 1979; 1986; 1990) developed the design to meet 

the demands of clinical application. Bosker and Van Dijk (1989) and other researchers 

developed similar implants to support and retain overdentures or small fixed dentures. 

In 1968 Small and Kobernick commenced clinical trials based on their earlier work. The 

implants used were fabricated from an alloy consisting of 90% titanium, 6% aluminium and 

4% vanadium. Small (1980) presented his results at the NIH-Harvard Consensus 

Development Conference on Dental Implants which was held in 1978. He showed the results 

of 109 staple implants which had been in place for five years and claimed a success rate of 

95%. Helfrick, Topf and Kaufman (1982) published an independent report of 250 patients who 

received staple implants at Sinai Hospital, J.0tmit over a period of seven years. Criteria for 

function, aesthetics, presence of i thesia, anaesthesia, the patient's 

emotional and psychological attitu e treatment received. The overall 

success rate was 96.8% with a ~t ~~~~~~~~~~gperative complications. They 

reconstruction in cases of atroph)l 

of the mandible. 

Kent et al, (1984) did a retrospective evaluation of 160 patients over a seven-year period and 

demonstrated a cumulative success rate of 90.9%. The staple bone implants used were similar 

to those utilized by Small (1978). Criteria for evaluation were based on the standards for 

dental implants established by the National Institute of Dental Research at the Harvard 

Consensus Development Conference. 

Meyer and Kotwal (1986) evaluated the success of staple bone implants over a six- to thirty­

month period. Bosker and Van Dijk (1989) used a staple implant made of 18-carat 5% gold 

alloy. The implant included a baseplate, four transosseal posts and five cortical screws. They 

showed an overall success rate of 97,8% in a group of 185 patients who had received implants 

over a period of five to ten years. 

http://etd.uwc.ac.za/ 
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Maxon, Powers and Scott (1990) and Unger and Crabtree (1991) described further sucessful 

use of the transmandibular implant to provide patients with an implant supported denture to 

avoid the disadvantages of a mixed implant-tissue supported prosthesis. 

There appear to be no reports in the literature about titanium transmandibular implants that 

would allow for a period of osseointegration without occlusal loading from a prosthetic 

appliance. The design of such an implant would require a thorough survey of the relevant 

parts of the human mandible. The development of a series of implants that could be placed 

surgically in a single procedure would allow for a period of osseointegration, prior to mucosal 

penetration and occlusal loading of the implant. 

Denissen, Veldhuis and Van Faasen (1984) ade a morphological study of eighteen atrophic 

ction one constituted the ramus 

the anterior border of the ramus o included the area of the angle 

of the mandibula where the len.~~~~~~~~~~~f the mandibular canal to the 

medial cortical plate of the ram three was the body distal to the 
p 

... ~ ....... -· ... ular canal to the crest of the 

the area between the mental foramen to the midline. Here they measured the mental foramen 

- midline distance and the vertical and horizontal thicknesses of the mandible. They came to 

the conclusion that in atrophic mandibles the only area suitable to receive implants was the 

anterior part of the mandible between the two mental foramina. 

http://etd.uwc.ac.za/ 
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OBJECTIVES 

The purpose of this study was to make a three-dimensional survey of severely-resorbed 

edentulous human mandibles in the area bounded by the mental foramina with the inferior 

point of the base of the lower genial tubercle, Menton and Gnation serving as additional 

reference points. The results would be used to test the feasibility of developing a series of 

transmandibular implants and structural features which would make them suitable for insertion 

in a wide spectrum of patients. Implants would be left unloaded until healing and 

osseointegration had taken place. 

~ 

r 

11 • ••• ••• ••• ••• •• 

- ,_, - - · .-. 
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MATERIALS AND METHODS 

Forty five severely resorbed edentulous mandibles were utilized for this study. They came 

from people of various ages and both genders. The average biological age of the specimens 

was 70. 7 years and the criterion for selection of the mandibles was the absence of a residual 

alveolar ridge. The mandibles were to be sectioned at the mesial border of the mental 

foramina and it was therefore decided to use a replication technique which would allow 

sectioning of the mandibular models. Adams, Jooste and Thomas (1991) demonstrated the 

accuracy of a replication technique utilizing a polyvinylsiloxane addition cured impression 

material1 and die stone2 models for biost© . A difference of 0.25% was 

Impressions of the mandibles we I oxane addition cured impression 

material for duplication in die st dile:.~;mm5ir.ranffifiEm~imession trays3 of a size suited to 

the different mandibles were usedj" 'th adhesive solution and left for 

twenty minutes before appropriatl Ta in them and the impression 

of the lower half of the mandible taken. A period of twenty minutes at room temperature was 

allowed for the material to set. 

The impression thus obtained was eased and filled with a low-viscosity polyvinylsiloxane 

impression material to obtain the final impression of the lower half. A releasing agent4 was 

applied to this impression prior to the taking of a similar impression of the rest of the 

mandible. These impressions of the mandible included an area which extended 2 cm distal 

to the mental foramina. 

1 President Coltene Inc, CH-9450 Altsatten/Switzerland 

2 TM, Columbus Dental, USA 

3 Inox, West Germany 

4 Vaseline 
http://etd.uwc.ac.za/ 
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Impressions thus obtained were stored for 24 hours before being cast in die stone. The die 

stone was mixed according to manufacturers instructions with a vacuum mixing5 and 

investing technique and the cast models were left overnight at room temperature. The 

polyvinylsiloxane impressions were then separated and these models were stored at room 

temperature until they were subjected to a biostereometrical survey with a reflexmicroscope 6 

(Fig. 13). 

Fig. 13: Reflexmicroscope, personal computer and monitor 

5 Whipmix Corporation, Model D, Louisville, USA 

6 Reflex Measurements Ltd., Whitehall Park, London, Dl93TS 
http://etd.uwc.ac.za/ 
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Q 

Fig. 14: €=mltr('.lr and P a point on an object; 

X,Y and Z 

The reflexmicroscope was developed by Scott (1981) according to the principle attributed to 

Abdel-Aziz. The principle is illustrated in Figure 14. The object on the right is reflected in 

a semi-silvered mirror Q. An object point P creates an image of itself at R, where PR is 

normal to the mirror and P and R are equidistant from it. The virtual image is thus seen to 

contain all the three-dimensional properties of the original object. An observer looking at R 

will be able to see through the mirror to a measuring mark M and when M coincides with R, 

there will be no visual parallax. The observer can thus move M about the image, taking 

measurements as required without obstruction from the object. The object itself must be 

stationary during the measuring while the platform to which it is fixed can move 100.mm by 

100 mm in X and Y axis while the microscope moves in the Z axis. 

Biostereometric analysis depends upon the observation of the X, Y and Z coordinates which 

are encoded on an X, Y and Z slide system. The Z-value is susceptible to variation given the 

http://etd.uwc.ac.za/ 
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individual perception of stereoscopic depth (Wright 1954). Adams and Wilding (1988) found 

that inter- and intra-observer value differences were negligible and from their research they 

concluded that single measurements of X or Y coordinates are accurate to± 2 µm and those 

for Z coordinates to between 4 and 8 µm, depending on the visual acuity of the observer. 

The area of the · inferior border of the cast models to be observed was demarcated as the 

surface between the mental foramina. Gnation, Menton and the inferior point of the base of 

the lower genial tubercle were chosen as reference points to demarcate the area to be 

observed. A mathematical designed perpendicular line to Menton was identified as line AB, 

illustrated in Figure 15. A line perpendicular to AB from Gnation bisected AB at X. A 

similar line from the inferior point of the base of the lower genial tubercle bisected AB at X1• 

A 

Fig. 15: 

s 

lJN IVERS8 TY
8
l!( th.r:o = apenor 

\r ES T E R G = C 1tifen r base of the lower genial tubercle 

Gn = Gnation 

M = Menton 

G 

Gn 

B 

Sectioned vertical plane of mandible, illustrating Gnation, Menton and inferior 

point of base of lower genial tubercle, reference points used to create 

observation grid. 

To delineate the observation grid on the inferior surface of the models a jig was constructed 

http://etd.uwc.ac.za/ 
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utilizing the above model. The distances of each model from X to Gnation and X1 to the 

inferior point Qf the base of the lower genial tubercle were calculated. With the aid of the 

distances thus acquired a stainless steel pin of adjustable length with a diameter of 1,5 mm 

and a sharpened end was mounted perpendicular to a polymer base7 by means of a milling 

machine8 and a spirit level9 The polymer base was secured to the foot plate of the milling 

machine. The spirit level was used to position the milling machine and the polymer base at 

the same level to the horizontal. A drill of 1,5 mm diameter was used to drill a hole through 

the polymer base to receive the stainless steel pin as portrayed in Figure 16. 

Fig. 16: Base, milling machine and spirit level 

7 Perspex 

8 Gallioni, S Colombano al Milano 

9 Starrett Level, Grand Vail and Cross Test Level, no. 198, 
8 inc, L.S. Starrett Co. Ltd., Jedburg, Scotland. http://etd.uwc.ac.za/ 
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The jig thus constructed was employed to delineate the buccal and lingual peripheral border 

of the observation grid by placing the inferior surface of the model on the polymer base, and 

rotating the model to delineate the border line as demonstrated in Figures 17 and 18. 

Fig. 17: 

Fig. 18: 

Jig and demarcation 

Delimitation of grid from inferior point of base of lower genial tubercle as 

reference point 

The 27 point grid was determined by halving the mandibles at Gnation, Menton and the 

inferior point of the base of the lower genial tubercle. These two halves were successively 

http://etd.uwc.ac.za/ 
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halved to produce quarters, eighths and finally a sixteen-block grid. The first observation 

point was positioned at the right lingual side of the model. The rest of the grid intersections 

were allocated in a counter clockwise fashion. In Figure 19, points 20-27 and 10 indicates 

the inferior mandibular crest. 

Fig. 19: 27-point grid on inferior border between mental foramina 

To produce a graphical contour of the mandibles the outline as well as random points within 

the grid were observed. The observation points on the grid were approximately 1 mm apart. 

X, Y and Z co-ordinates were recorded as well as three reference points; an algorithm 

embodying Caley's formula and the Rodriques parameters was used to form an orthogonal 

rotation matrix for transformation of the co-ordinates into a common system (Thompson 

1969). All co-ordinates were processed by means of a contour interpolation computer­

package10 to produce contour plots and computer-generated three-dimensional representations 

of the relevant mandibular surfaces. 

10 Saclant Graphics Package, (Run on the University of Cape 
Town Vax Main Frame) 

http://etd.uwc.ac.za/ 
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The accuracy of coordinates was assured by random observations made by a control observer 

for each cast. Repeatability was controlled by using a software program with the ability to 

compare current and initial readings of the observed contours. 

The analysis of these observation points produced the following data. 

a) Buccolingual contour distances as shown in Figure 20. This distance was measured 

from the lingual to buccal aspect of the grid following the curvature of the specimen. 

This line connects all the points between the buccal, inferior and lingual aspects of the 

grid. 

Fig. 20: 

.· 

~~~~~~g~S~-~ Superior 

IT Y ojll (.I Buccal 

c 1 E Inferior 

L = Lingual 

Buccolingual contour following shape of inferior border of mandible 

http://etd.uwc.ac.za/ 
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b) Direct distance between the buccal and lingual points of the grid (Figure 21 ). 

s 

S= Superior 

B= Bu cc al 

I= Inferior 

L= Lingual 

Fig. 21: 

'NESTERN d\ E 
By means of STATGRAPlllCS11 a multiple range analysis for contour distance by contour 

site as well as the buccolingual distance by bucco-lingual site was executed to find 

homogeneous groups. 

11 Statistical Graphics Corporation, STSC, Inc. Rockville, 
Maryland, USA 

http://etd.uwc.ac.za/ 
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c) The distance MO was calculated by application of the mathematical principles as 

shown in Figure 22. 

M x 
A 

X1 
~~~-.-r-~~~~~~~-,:::::::=o-T~r--==:::i~~~~~~~~--.-.~~~~B 

G 

Gn 

G = Inferior b~a~~~~~~~~~ 
M = Menton 
Gn = Gnation UN IVERS I TY o/ thf! 

'\
1 ESTERN CAPE 

Fig. 22: Mathematical model used to calculate distance MO 

A perpendicular line to AB from point M bisects line GnG at 0. 

X1 and X were determined by means of perpendicular lines to AB from the inferior point of 

the base of the lower genial tubercle (G) and Gnation (Gn). Using the observation points G 

(inferior point of the base of the lower genial tubercle), M (Menton) and Gn (Gnation) the 

distances X1G, MG, MGn, XGn and GnG could be measured. Mathematical principles were 

used as follows to calculate distance MO for each specimen. 

Distances required to calculate MO are X1G, XGn, GnG, MG, GnM. Angles required to 

calculate MO are a 1, <Ii· B, Q, B, a. 
All the required distances could be measured from the observation points on the grid of each 

model. 

http://etd.uwc.ac.za/ 
 



The angle sizes were calculated by means of the Sin E rule (Thompson 1969). 

= XGn 
GnM 

To calculate Q the sine rule was l. 7 ER SIT Y of th~ 

MG, B, Q and a are known 

\\T : T A' R . C ,0 P E 
sin '"" = sin ;:, 

GnM GnG 

sin 0 = (sin E . GnM) 
GnG 

0 =arc sin( sin E . GnM) 
GnG 

27 
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Using sine rule again 

MO MG = 
sin 0 sin~ 

MO= MG. sin 0 
sin~ 

d) The appearance of the observation points on the contour plots, as shown in Figure 23, 

led to the hypothesis that the grid observation points could be located on the 

circumference of three arcs of circles of different radii for each mandible observed. 

Fig. 23: 

(Scale 3:1) 

Graphic contour reproduction depicting observation points, chords AB, BC, 

DE, EF, GH and HI as well as radius centre points 0, 0 1 and 0 2• This tested 

the hypothesis that points A,B,C,D,E,F,G,H and I are situated on the 

circumference of a circle. 

http://etd.uwc.ac.za/ 
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The theorem that a perpendicular bisector of a chord passes through the centre of a circle was 

then applied. Figure 23 is a graphic contour reproduction of a mandibular model. Points A, 

B, C, D, E, F, G, H and I are the hypothetical points on the circumference of three circles 

described as lingual, crestal and buccal. Points A, B and C are connected to form chords AB 

and BC. Lines drawn perpendicular to AB and BC meet at 0. If AO, BO and CO are equal, 

A, B and C are on the circumference of a circle. By means of a written computer programme 

observation, points 1-9 of the observation grid were incorporated to form a matrix of radii for 

the lingual circle. The average standard error of these observation points to the circumference 

of the circle was 0,14 mm. The same theorem was tested on points D,E,F, and G,H,I. To 

compute the crestal radius, points 20-27 and 10 were used and points 11-19 formed the basis 

for computing the buccal radius. The average standard error to the circumference of the 

crestal circle was 0,21 mm per observation d for the buccal circle 0,18 mm. The 

The different observation on the grid and allocated an 

alphabetical symbol which represu:::;en=t======= 

Table 1: 

symbq f 
1 
~he sections are given in Table 

C1 PE 

Alphabetical symbols represents sections through mandibles at specific 

observation points on grid. 

1-20-19 =A 

2-21-18 = B 

3-22-17 = c 
4-23-16 = D 

5-24-15 = E 

6-25-14 = F 

7-26-13 = G 

8-27-12 = H 

9-28-11 =I 

http://etd.uwc.ac.za/ 
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Fig. 24: Symbols illustratin 

\\T ~STER T C.· PE 

The mandibles were sectioned at planes A, E and I and the following points on the planes thus 

formed were observed. The upper observation marks were the most superior points (S) of the 

sectioned mandible whereas the buccal (B), lingual (L) and inferior (I) marks were the same 

points utilized for the grid as shown in Figures 25, 26, 27. 

These observation points produced the following data: 

http://etd.uwc.ac.za/ 
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e) The mathematical superior-inferior distance in plane A illustrated in Figure 25. 

s 

S= Superior 

B= Bu cc al 

I= Inferior 

L= Lingual 

Fig. 25: 

UN IVERS I TY of thP 

f) The angle of the superior i11(entq djme 

in Figure 26 by a. 

o arolingual dimension represented 

Fig. 26: 

s 
S= Superior 

B= Buccal 

I= Inferior 

L= Lingual 

Angle (a) formed at intersection of lines representing superior-inferior 

dimension (SI) and buccolingual dimension (BL) 

http://etd.uwc.ac.za/ 
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g) The buccolingual dimensions of the specimens were divided into three groups based 

on the following ranges: 

Group 1: 4 mm to < 8 mm 

Group 2: 8 mm to< 11 mm 

Group 3: 11 mm to < 14 mm 

h) The lengths of the inferior buccolingual border profiles (Fig. 20) of planes A, C, E, 

G and I were placed in one of the three categories established for Groups 1, 2 and 3, 

these were superimposed in a graphical manner. 

lJNIVERSITYo/th!! 
\\r EST ER Cl PE 
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RESULTS 

a) The measurements of the contours A, B, C, D, E, F, G, H and I (Fig. 24) of the 

individual specimens observed are recorded in Table 2 while Table 3 summarizes the 

means and standard deviations of measurements made. 

lJN IVERS I TY o/ thr:o 
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Table 2: Individual lengths (mm) of buccolingual contours 

of each specimen 

SPEC B/L B/L B/L B/L B/L B/L B/L B/L B/L 
NO CON CON CON CON CON CON CON CON CON 

A B c D E F G H I 
1 5.5 6.2 6.0 6.3 6.2 6.3 5.6 5.2 5.6 
2. 10.0 11.0 10.8 11.5 12.0 12.0 13.1 12.4 10.1 
3. 9.2 9.2 8.9 10.1 8.6 8.9 8.9 8.8 9.8 
4. 7.5 8.8 10.1 10.5 11.0 9.4 7.0 6.5 5.9 
5. 8.0 8.3 7.8 7.4 6.8 8.1 7.6 7.6 7.6 
6. 9.7 9.9 10.4 12.2 12.2 12.2 9.3 9.1 8.8 
7. 9.0 10.3 10.6 10.8 10.4 11.4 12.5 10.4 10.5 
8. 10.9 11.2 10.5 11.1 11.1 10.0 10.1 10.4 10.1 
9. 11.0 11.0 11.2 12.2 9.4 10.6 10.6 10.6 9.9 
10. 11.3 12.2 13.0 12.2 10.6 12.3 12.9 12.4 13.1 
11. 12.9 12.7 12.8 11.8 11.0 12.0 11.6 12.3 12.0 
12. 8.1 8.4 8.7 10 . 6 10 . 0 8 . 9 8 . 2 7.8 7.7 
13. 8.6 8.0 9.4 9.2 a 7. 4 8.0 7.3 
14. 8.5 9.0 11.2 l t}. 5 7.6 7.2 
15. 11.1 11.8 12.9 1 2. 8 11.4 11.4 
16. 12.4 12.3 12.6 1 8. 1 12.5 11.8 
17. 9.2 9.6 10.0 1 9. 8 9.5 8.3 
18 9.2 9.6 9.0 9. 1 10.1 9.9 
19. 11.8 12.5 12.2 2. 0 11.8 11.9 
20. 8.5 7.9 7.7 - . 5 6.4 6.9 
21. 10.0 10.2 11.7 4 tt 1 0 . ~ 0. 0 9.9 9.6 
22. 7.4 7.7 8.1 l I\· ~ . . S 7of t -~. 4 6.2 6.3 . -
23. 7.8 6.9 6.7 fi>~. s 7, . J 7 • .J. :> ;,. • 3 7.2 7.4 
24. 9.5 10.1 11.3 12.4 ' 2.4 2. 'l! 11:. 5 9.0 9.8 
25. 11.0 13.3 14.3 15.4 14.7 15.4 14.6 14.0 12.7 
26. 10.8 11.3 11.8 12.9 13.2 12.6 11.9 11.7 11.4 
27. 9.2 9.7 10.5 10.9 9.9 9.0 9.5 9.0 9.7 
28. 10.7 11.0 10.7 11.5 12.3 10.5 9.8 10.4 11.7 
29. 10.2 8.4 8.1 8.6 9.4 9.0 8.1 8.0 8.8 
30. 10.3 9.8 11.5 12.0 11.5 12.7 11.6 9.9 10.6 
31. 6.9 8.2 8.0 7.5 7.1 8.5 9.1 9.4 8.4 
32. 9.4 9.5 8.9 9.2 7.3 7.1 7.1 7.3 7.7 
33. 7.5 8.3 9.6 11.5 10.9 11.4 9.1 9.2 9.4 
34. 9.9 9.7 10.2 11.0 10.3 11.0 9.3 9.0 9.3 
35. 7.4 7.5 8.4 8.6 10.4 9.6 8.7 9.1 8.9 
36. 8.6 9.2 11.2 11.6 12.7 11.7 11.0 10.6 9.0 
37. 10.4 11.8 12.8 14.2 13.7 14.5 13.2 12.8 9.6 
38. 9.3 10.1 9.8 9.9 9.4 9.5 10.1 10.4 9.9 
39. 10.2 10.9 11.9 12.6 14.0 13.4 13.4 12.4 11.4 
40. 8.9 8.7 7.0 7.1 7.6 6.6 6.6 7.9 8.3 
41. 9.0 9.6 11.8 11.3 10.3 11.1 10.3 9.9 9.9 
42. 11.6 16.8 16.2 15.4 12.7 18.1 18.5 17.4 8.2 
43. 9.1 10.4 11.8 12.6 12.2 12.8 11.6 11.1 9.5 
44. 10.1 11.4 10.7 12.3 12.7 11.7 11.1 10.0 9.5 
45. 9.7 10.1 11.2 10.4 10.2 9.5 10.2 11. 0 10.1 

http://etd.uwc.ac.za/ 
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Table 3: Means and standard deviations of buccolingual 

contour lengths (mm) 

POSITION MEAN STANDARD 
DEVIATION 

MILLIMETRES ± 

BL/CON A 9.49 1.50 

BL/CON B 10.01 1.91 

BL/CON C 10.44 2.06 

BL/CON D 10.89 2.20 

BL/CON E 10.53 2.23 

BL/CON F 10.74 2.50 

BL/CON G 10.21 2.50 

BL/CON H 2.29 

BL/CON I 1.76 

in Table 3. 

http://etd.uwc.ac.za/ 
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Results of multiple range analysis, showing homogeneous groupings of mean 

different lengths of observed contours 

MILLIMETRES 

BL/CON A 9.49** 

BL/CON B 10.01*** 

BL/CON c 10.44*** 

BL/CON D 10.89 * 

BL/CON E 10.53*** 

BL/CON F 10.74 ** 

BL/CON G 10.21*** 

BL/CON H 9 . 85*** 

BL/CON I 

* 
levels. 

Buccolingual contours A, B, C, ~~~~~~~~;~~ us width group. A random 

specimen would be within the 
;r .,. 

sample from this group would restdt m 9 

within the parameters of the abovementioned tabulation, while buccolingual contours B, C, 

D, E, F and H form a homogeneous group to which the 95% confidence level test applies. 

Buccolingual contour F does not fall within the 95% confidence level of the first-mentioned 

tabulation but is within the parameters of the second group. 

b) The direct distances (BL) between the buccal (B) and lingual (L) points of the grid 

(Fig. 21) are shown in Table 5. 

http://etd.uwc.ac.za/ 
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Table 5: Individual direct buccolingual distances (mm) of 

each specimen in each plane for all mandibles 

SPEC STR A STR B STR C STR D STR E STR F STR G STR H STR I 
NO. 

1 4.5 4.7 4.8 5.2 6.0 5.0 4.4 4.7 
2. 6 .. 2 6.2 7.0 7.9 9.6 8.1 7.1 7.3 
3. 6.5 6.8 7.2 6.9 6.4 6.8 7.3 8.0 
4. 5.4 5.6 6.5 8.6 9.0 6.9 5.0 4.4 
5. 6.8 6.6 6.7 6.4 6.0 7.0 6.6 6.3 
6. 8.1 8.4 8.8 11.3 11.3 10.8 7.6 7.6 
7. 6.6 7.6 8.6 8.9 8.5 9.6 8.1 7.8 
8. 8.0 8.8 8.6 9.6 9.8 8.8 8.1 8.0 
9. 8.4 9.2 10.0 11.0 9.1 9.7 8.9 7.9 
10. 8.7 9.2 9.3 10.1 10.7 10.8 10.1 8.2 
11. 11.0 10.9 - 10.7 10.7 10.4 10.5 10.5 10.4 
12. 6.3 7.0 7.8 9.8 9.4 8.5 6.8 6.2 
13. 6.9 7.1 7. 9 7.7 8. 7.6 7.1 6.4 
14. 6.7 7.0 9. 5 10 ~- 6.4 6.1 
15. 9.7 10.3 11. 4 .9- -~ 10.0 9.6 
16. 10.2 10.7 10. 9 10.5 9.7 
17. 7.1 7.8 8. 3 7.3 6.5 
18. 7.7 8.2 7. 6 8.3 8.1 
19. 9.0 9.8 10. 7 8.7 8.7 
20. 7.0 6.8 6. 3 5.7 6.1 
21. 8.2 9.1 10. 3 7.9 7.7 
22. 6.0 6.3 7. 1 5.2 5.4 
23. 6.7 6.3 5. 9 6.4 6.6 
24. 7.7 8.4 9. 4 8.0 7.5 
25. 9.7 11.1 12. 4 11.1 10.2 
26. 9.4 9.5 10.5 10.9 10.3 10.2 9.8 
27. 6.4 6.9 7.8 7.6 7.3 6.3 6.6 
28. 7.9 8.1 8.2 9.0 8.1 7.7 8.4 
29. 8.9 7.3 6.8 7.1 6.6 7.0 7.6 
30. 7.8 7.9 8.7 9.9 8.7 8.0 8.0 
31. 5.8 6.8 6.6 7.0 7.7 7.8 7.2 
32. 7.7 7.7 7.4 6.6 6.2 6.4 6.4 
33. 6.5 6.6 7.7 6.9 6.9 6.8 7.2 
34. 7.7 7.8 8.9 9.8 7.9 7.4 7.3 
35. 8.7 9.2 9.3 10.8 10.8 10.1 8.2 
36. 7.1 7.2 8.3 9.6 8.4 8.0 7 .1. 
37. 7.2 8.6 10.3 12.7 10.6 9.4 7.7 
38. 7.7 8.0 7.7 7.8 7.8 8.2 8.1 
39. 8.3 9.2 10.5 11.9 11.7 10.1 9.3 
40. 7.0 6.9 5.6 5.5 5.2 6.9 7·. 0 
41. 8.0 8.5 10.3 9.7 8.8 8.2 8.0 
42. 6.2 6.9 7.5 5.8 8.1 7.7 6.8 
43. 7.9 9.2 10 . 9 11.5 10.5 9.4 8.2 
44. 7.0 8.2 8.4 9.2 8.2 7.6 6.8 
45. 8.1 8.4 8.9 8.4 8.7 8.8 8.0 

The means and standard deviations of the direct buccolingual dimensions of the mandibles are 
http://etd.uwc.ac.za/ 
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shown in Table 6 while Table 7 reflects the results of the multiple range analysis of these 

distances. 

Table 6: Means and standard deviations of direct buccolingual dimensions 

POSITION 

STR A 

STR B 

STR C 

STR D 

STR E 

STR F 

STR G 

STR H 

STR I 

MEAN 

MILLIMETRES 

7.56 

7.97 

8.53 

7.89 
UN IVERS I TY of thP 

\\TES T 1 - 3 Ci\P E 

STANDARD 

DEVIATION 

± 

1.68 

2.00 

2.89 

2.09 

1 .. 92 

2.15 

1.80 

1.55 

1.30 
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Table 7: Homogeneous groups derived from multiple range analysis of buccolingual 

distances by buccolingual sites 

STR A 

STR B 

STR C 

STR D 

STR E 

STR F 

STR G 

STR H 

STR I 

* 

The direct buccolingual distance a 

width parameter. 

MILLIMETRES 

7.56* 

7.97* 

8.53** 

9.21 * 
9.17 * 
9.00 * 
8.28** 

7.89* 

7.53* 

d I form a homogeneous width 

c) The distances MO, XGn and X1Gn (Fig, 22) are summarized in Table 8 while 

Table 9 reflects their corresponding means and standard deviations. 
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Table 8: Distances MO, X1G and XGn (mm) 

SPEC. MO X1G XGn 
NO.· 
1. 0.8 0.6 3.2 
2. 2.6 2.5 2.6 
3. 2.8 3.5 2.3 
4. 3.2 3.8 2.1 
5. 1.6 1.0 2.2 
6. 2.3 2.2 2.3 
7. 2.9 3.8 2.3 
8. 2.6 2.2 2.8 
9. 2.6 2.5 2.6 
10. 1.7 0.4 3.1 
11. 1.9 1.3 2.4 
12. 1.4 0.4 1.7 
13. 1.0 0.1 2.6 
14. 1.1 0.3 
15. 4.2 4.3 
16. 2.7 2.5 
17. 2.8 3.2 
18. 1.4 2.9 
19. 2.8 3.0 
20. 1.0 2.8 
21. 2.3 2.6 
22. 1. NIVE ITY o/ thr:-

2.1 
23. 1. . 2.0 
24. 3 · \rES T CAPE 3.4 
25. 3.2 3.6 
26. 3.4 4.5 2.7 
27. 2.9 2.4 3.5 
28. 3.0 3.1 3.0 
29. 1.8 0.6 4.0 
30. 3.4 3.3 3.4 
31. 1.2 0.7 2.3 
32. 0.9 0.4 1.6 
33. 2.8 3.2 2.5 
34. 2.7 2.8 2.7 
35. 2.1 0.5 4.1 
36. 3.7 3.6 3.7 
37. 3.3 3.3 3.4 
38. 2.6 2.4 2.8 
39. 3.4 4.6 2.7 
40. 1.7 0.6 3.9 
41. 1.8 0.9 2.7 
42. 0.4 0.8 1.2 
43. 2 . 8 2.5 3.0 
44. 4.1 5.0 3.4 
45. 2.5 4.4 1.3 
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Table 9: Means and standard deviations of distances MO, XGn and 

d) 

POSITION MEAN STJUIDARD 

DEVIATION 

MILLIMETRES ± 

MO 2.35 0.92 

XGn 2.19 1.37 

2.72 0.79 

. 23) are noted in Table 10. The 
................................................................. ~ 

mean radii for the lingual, c ere 19.8 mm, 22.2 mm and 24.7 

circumference of the circl · ~l, 0.21 mm for the crestal and 

0.18 mm for the buccal. \\!ESTER N C~.\P E 
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Table 10: 

SPEC NO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Lingual, crestal and buccal radii distances (mm) 

RAD LINGUAL 
20.5 

RAD CRESTAL 
22.9 

19.0 
18.3 
18.7 
17.3 
22.0 
17.6 
21.0 
18.8 
15.8 
18.1 
21.2 
21.6 
16.1 
26.3 
19.8 
18.9 
15.3 
21.6 
17.2 
19.9 
22.7 
16.6 
21.0 
21.3 
22.5 
16.6 
20.3 
17.6 
18.8 
21.5 
20.4 
21.6 
19.1 
17.1 
19.3 
26.9 
19.5 
22.8 
18.1 
21.0 
19.1 
22.6 
19.7 
19.0 

21.5 
19.8 
20.1 
19.3 
21.2 
20.3 
21.3 
23.0 
23.2 
21.2 
18.2 
25.6 
17.6 
29 . 0 
~. 

UN IVE~. TY ofthf! 

\\
1 EST 

2 7. 9 CAPE 
21.0 
19.6 
22.6 
30.3 
22.3 
21.2 
20.2 
18.4 
21.6 
27.1 
23.1 
22.7 
20.9 
24.8 
23.2 
23.7 
21.5 
24.4 

RAD BUCCAL 
23.9 
23.0 
25.9 
21.2 
22.5 
24.8 
23.1 
26.5 
25.4 
25.1 
27.9 
22.5 
25.6 
19.6 
28.1 
28.0 
22.4 
22.1 
25.5 
22.5 
25.2 
27.5 
22.0 
24.3 
24.6 
28.9 
20.5 
25.1 
25.2 
24.6 
28.1 
26.4 
24.4 
23.7 
21.9 
23.4 
26.8 
27.2 
27.2 
24.8 
25.6 
23.8 
25.6 
24.0 
25.9 

42 
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e) The distances from the superior crests to the inferior crests of the mandibles, as 

measured in planes A, E and I (Figs. 24 and 25) are recorded in Table 11. 

Table 11: Superior-inferior distances (mm) are reflected as Sil A for plane A; Sil E for 

plane E and Sil I for plane I 

SPEC NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

S/I A 

8.83 
11.99 
17.00 
18.53 
15.48 
17.50 
15.65 
15.67 
16 . 27 
19.49 
1a.e 

S/I E 
16.23 
14.45 
19.75 
23.77 
20.45 
19.80 
18.30 
16.43 
17 . 46 

6.72 

13. 8 6.._. ___ ~ 

2 0 5'""'r;;;m~s;;:i--i:~··~ 
18. 
18. 

i25 -~~gg~EEm 
i~ 6 IVERS IT ~~'-· ~~ P 
1190~. 41 STERN 1 . ~ .2 :r 
11.46 19.64 
13.71 18.56 
13.24 19.27 
14.68 18.21 
12.17 13.55 
13.03 17.91 
10.79 14.42 

9.16 11.07 
17.85 17.85 
15.55 18.77 
8.18 8.85 

15.67 17.38 
12.79 11.40 
16.19 16.29 
14.38 19.19 
18.51 22.45 
14.08 18.00 
13.63 17.56 
15.30 18.51 
14.73 16.70 
11.79 18.07 
10.78 14.49 
15.6 21.48 
17.11 17.04 

S/I I 
9.53 

13.46 
14.03 
19.30 
14.10 
14.64 
15.08 
15.03 
12.47 
16.93 
9.28 

13.87 
18.83 
17.66 
12.03 
16.17 
15.47 
17.20 
14.00 
16.53 
13.37 
14.66 
12.65 
18.22 
14.40 
10.84 
12.22 
15.10 

6.89 
16.40 
14.91 
10.19 
12.81 

9.77 
14.54 
15.96 
17.82 
12.33 
15.27 
14.60 
15.46 
13.62 

9.96 
14.92 
16.21 
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The means of the superior-inferior distance of these planes were: 

Plane A 14. 7mm 

Plane E 17.6mm 

Plane I 14.4mm 

The means of the buccolingual contour distance of these planes were: 

Plane A 9.49mm 

Plane E 10.53mm 

Plane I 9.39mm 

The means of the direct buccolingual width of these planes were: 

7.56mm 
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Table 12: 

SPEC NO. 
1 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 

Angles at intersection lines SI and BL in respect of planes A, E and I. 

ANGLE AT A 
94.4 
98.9 

101.3 
82.4 
69.6 
99.0 
98.2 
99.0 
87.4 

101.2 
95.6 
91.6 
94.5 
96.8 
9.9. 6 

110.6 
89.5 
80.6 
76.7 
89.5 

112.2 
99.6 
76.4 

101.8 
120.2 
143.1 
108.3 

78.6 
72.1 
89.0 

117.0 
93.5 
96.4 

100.1 
75.6 
91.7 

113.3 
92.3 
82.4 

105.2 
96.8 

104.4 
95.0 
92.9 
98.7 

ANGLE AT E ANGLE AT I 
97.5 83.9 

106.7 108.0 
112.7 96.1 
111.5 97.7 
105.2 80.2 
119.0 104.0 
114.7 120.9 
109.4 98.1 

97.5 94.8 
115.1 114.3 
113.5 87.4 
114.7 92.7 
105.4 101.2 
121.1 106.7 
105.9 105.4 
112.2 118.3 

tC~1j12~.0~;~~~=9~6. 8 .5 7. 1 
9. 2. 1 

.......,,...,,..Uoa>------n9 • 0 
8. 7 
0. 6 
5. 1 

~~~~~~~gi. 6 
IQ.4 . 9 

lJ~ l lt~RSITYo/f: s. 4 
112.5 101. 4 ''T g~. ER C1 t ® . 9 

78.4 67. 7 
117.5 105.3 
116.2 120.8 
86.3 96.3 

120.5 79.9 
115.8 87.2 
90.1 81.5 

116.7 107.5 
111.5 115.4 
109.5 102.6 
103.5 87.0 
111.4 104.6 
130.4 111.8 
111.8 113.1 
109.5 107.7 
107.4 109.9 
106.2 110.5 

45 
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The means and standard deviations of the angles at planes A, E and I were: 

MEAN STANDARD 

DEGREES DEVIATION 

± 

Plane A 95.8° 13.6 

Plane E 108.9° 10.7 

Plane I 99.5° 12.8 

g) Table 13 depicts the distribution of the direct buccolingual dimensions (BL) at planes 

lJN IVERS I TY ofthl! 

\'\
1 ES TE R 'CAPE 
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Table 13: Groups of direct buccolingual measurements at 

planes A, E and I. 

BL DimensiQnal grQugs 1, 2 ang 3 
{GrQug 1}4 tQ <SMM {GrQug 2}8 tQ <llMM {GrQug 3}11 - l4MM 

SPEC. A E .I A E I A E .1 
NO. 
1. 4.5 6.0 4.7 
2. 6.2 7.3 9.6 
3. 6.5 6.4 8.0 
4. 5.4 4.4 9.0 
5. 6.8 6.0 6.3 
6. 7.6 8.1 11.3 
7. 6.6 7.8 8.5 
8. 8.0 9.8 8.0 
9. 7.9 8.4 9.1 
10. 8.7 10.7 8.2 
11. 10 . 4 10 . 4 11.0 
12. 6.3 6.2 9.4 
13. 6.9 6 
14. 6.7 6. 
15. 12.6 
16. 
17. 7.1 6. 
18. 7.7 6.9 8. 1 
19 . 7 11.9 
20. 7.0 7.9 6.1 
21. 7. NIV I 0:. thf! 
22. 6.0 6.5 ~.6 ES TERN CAPE 23. 6.7 6.6 
24. 7.7 7 . 5 10 . 7 
25. 9.7 10.2 13.1 
26. 9.4 9.8 11.2 
27. 6.4 6.6 8.0 
28. 7.9 10.5 8.4 
29. 7.6 8.9 8.6 
30. 7.8 9.3 8.0 
31. 5.8 6.6 7.2 
32. 7.7 7.1 6.4 
33. 6.5 7.2 9.4 
34. 7.7 7.3 8.8 
35. 8.7 10.7 8.2 
36. 7.1 7.1 10.4 
37. 7.2 7.7 12.0 
38. 7.7 7.9 8.1 
39. 8.3 9.3 12.1 
40. 7.0 6.7 7.0 
41. 8.0 9.7 8.0 
42. 6.2 5.4 6.8 
43. 7.9 10.8 8.2 
44. 7.0 6.8 9.7 
45. 8.1 8.8 8.0 
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Table 14: 

(Group 
SPEC 
NO. A 
1. 5.5 
2. 
3. 
4. 7.5 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 7. 4 
23. 7. 8 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 6.9 
32. 
33. 7.5 
34. 
35. 7.4 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
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Groups of contour measurements at planes A, E 

and I 
BIL Dimensional groups 1. 2 and 3 

1)4 to < 8mm (Group 2)8 to < 11mm (Group 3)11 - 14 mm 

J! 
6.2 

6.8 

7.6 

7.1 
7.5 

7.1 
7.3 

7.6 

.l 
5.6 

5.9 
7.6 

7.7 
7. 3 
7. 2 

6. 9 

.l 

10.0 10.1 
9.2 8.6 9.8 

8.0 
9.7 
9.0 10.4 

10.9 
9.4 

10.6 , 

8.8 
10.5 
10.1 
9.9 

10.0 9.6 
6. 3 lJNIVERSITYo/thP 
7. 4 

\\TE ·. s ER 

10.8 
9.2 9.9 

10.7 
10.2 9.4 
10.3 

7.7 9.4 
10.9 

9.9 10.3 
10.4 

8.6 
10.4 
9.3 9.4 

10.2 
8.9 
9.0 10.3 

9.1 
10.1 
9.7 10.2 

... JI E 8. 

9.7 

8.8 
10.6 
8.4 

9.4 
9.3 
8.9 
9.0 
9.6 
9.9 

8.3 
9.9 
8.2 
9.5 
9.5 

10.1 

11.0 
11.3 
12.9 

12.0 

11.0 

11.1 

11.0 

11.0 

.l 

13.1 
12.0 

11.1 15.2 11.4 
12.4 11.8 11.8 

11.8 13.1 · 11.9 

11.1 

12.4 
11.0 14.7 12.7 

13.2 11.4 

12.3 11.7 

11.5 

12.7 
13.7 

14.0 

11.6 12.7 
12.2 
12.7 

11.4 
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h) The lengths of the inferior buccolingual profiles of planes A, C, E, G and I are 

grouped according to the three established ranges of width categories described under 

item g) page 32. These profiles are shown in Figures 27 - 41 and are included in the 

appendix pages 62-77. 

~ 

11• ••• ••• ••• •l• , • 

- - - ,_ -
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DISCUSSION 

The object of this study was to undertake a three-dimensional survey of severely-resorbed 

edentulous mandibles in the area bounded by the mental foramina, using the inferior point of 

the base of the lower genial tubercle, Menton and Gnation, as reference points. These results 

would demonstrate the feasibility of designing a series of titanium transmandibular implants 

that would be suitable for the use in two-stage procedures pedormed in a wide spectrum of 

patients, allowing time for osseointegration to occur prior to abutment connection and loading. 

d baseplate for the majority of 

plate the inferior border of the 

mandible would have to be surgic~~~~~~~~~~~· yi.. n average of 2.3 mm of bone. 

TNT 7 ERSITY nfthP 
In designing a universal baseplat i;~a · o~e .ti ~ ea ~9uld etermine the width so as not to 

impinge on the soft tissues. These results demonstrated that the width at the mental foramina 

would determine the width of the base plate. Thirty-three mandibles in the sample fell within 

Group 1. The average width was 6.65 mm with a median of 6.6 mm and mode of 6.4 mm. 

However the minimum value was 4.4 mm and, therefore, to accommodate all the specimens 

the baseplate would have to have a width of 4.4 mm. Group 2 consisted of 12 mandibles 

from the sample, with an average width of 8.85 mm, a median of 8.5 mm and a mode of 8 

mm; however, minimum width was 8 mm and the width of the baseplate in this category 

would therefore be 8 mm. 

Application of trigonometric principles to the analysis of maxillary casts have led to the 

formulation of a theory that the anterior maxillary arch lies on the circumference of a circle 

(Oblak, 1975). Stereophotogrammetry analysis of maxillary and mandibular alveolar ridges 

by Adams (1976) lent support to the circle theory. This study confirms the finding of these 

two earlier workers. The results show that the mandibular arc lies on the circumference of 

http://etd.uwc.ac.za/ 
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a circle; that the majority of mandibular arches have a common centre point; and that the 

wider the buccolingual dimension the greater the circumference of the circle. The 4 mm to 

< 8 mm group had a width of 4.4 mm and a common radius of 17.6 mm whereas the 8 mm 

to < 11 mm group had a 8 mm baseplate width and a common radius of 21 mm. 

In Group 1, 18,18% of specimens and in Group 2, 15,15% of specimens had shorter radii than 

those of the mean. Given the relative dimensions of the arc angle and radius length, the 

difference is negligible and would accommodate all the specimens. 

Ideally the vertical components of the transmandibular implant should emerge at the crest of 

the alveolar ridge. The mean angles and variance at planes A, E and I demonstrated in this 

study do not indicate that a unive~rs;a~l~d~e~s~J~::::§§~~ 
The means of the angles at planes and 99.5° respectively. If the 

transmandibular components at pla e 97° to the base plate they would 

emerge at the immediate region oft ned intramandibular component 

at plane E would provide ~~~~~~~~~~~'~anced osseointegration and 

stabilization. UNIVERSITYo/thr! 
\\TESTERa C1 E 

The division of the specimens into width categories ensured that all the specimens were 

accommodated. Group 1 contained 73.3% of the specimens while 26. 7% were accommodated 

in Group 2. 

http://etd.uwc.ac.za/ 
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CONCLUSION 

The restricted nature of this sample made it impossible to establish any correlation between 

mandibular morphology, age, gender or ethnic group. Moreover, analysis of the results 

showed that they could not be used towards designing a "universal" staple transmandibular 

implant with baseplate width and angulation of its transmandibular components such that it 

would be applicable to a broad spectrum of patients, however using these results it would be 

possible to design a series of staple transmandibular implants that would be applicable to most 

clinical situations. 

~ 

11• ••• ••• ••• •l• ,. 
- - - ,_ -

UN IVERS I TY o/ thf:" 
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APPENDIX 

The lengths of the inferior buccolingual planes of planes A, C, E, G and I are grouped 

according to the three established ranges or width categories described under item g) page 32. 

These profiles are shown in Figures 27 - 41 and are included in pages 63 - 77. 
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