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__ General discussion and conclusions 

Genera ll  discussio n and conclusion s 
Mandibularr reconstructions have been carried out since 1895 (1, 2). Initially free non-

vascularizedd flaps, pedicled myocutaneous flaps and plates and screws were used (3). These 

proceduress were always challenging and the results were strongly dependent on the skill of 

thee surgeon. In the nineteen seventies the emphasis was on reconstruction following trauma 

andd the sporadically occurring secondary reconstructions following oncological surgery. In 

thee early eighties the introduction of free vascularized ossal and osteocutaneous transplants 

enabledd the reconstruction of large jaw defects following oncological surgery. This form of 

reconstructionn is much less dependent on a well-vascularized wound bed and much more 

resistantt to the effects of radiotherapy. Since then the treatment of oral carcinoma has 

movedd forward rapidly (4). 

Initially,, the most frequently used donor bones for free vascularized flaps were the distal 

radius,, the scapula and the iliac crest. Only later on was the fibula added to this list. The 

scapulaa and iliac crest still have an important part to play in mandibular reconstruction. 

Whenn reconstructing ramus and body defects the first choice of many surgeons is free 

vascularizedd iliac crest bone (5). It provides a large volume of bone which, particularly in 

thee dentulous jaw, gives sufficient height to replace the bone volume that has been lost. 

Thee vascular pedicle is of adequate length and there is enough soft tissue available to 

ensuree that vital structures in the neck area are well covered. Its disadvantage lies in the fact 

thatt if skin is necessary for restoration of mucosal defects, it is sometimes necessary to take 

tooo much bulk in the form of the oblique external muscle and subcutaneous fat. In addition, 

theree have been many reports of donor site problems such as incisional hernia and pain, 

andd for many surgeons this is reason enough to choose the fibula instead (6). 

Accordingg to Coskunf irat, Ueba et al. were the first to use the fibula flap for reconstruction of 

thee humerus (7). Shortly after them, Taylordescribed the use of a fibularflap for reconstruction 

off the femur shaft (8, 9). In 1989 Hidalgo was the first to describe the use of the fibula in 

mandibularr reconstruction (10). Within a very short time the fibula became the first choice for 

mandibularr reconstruction, and anterior mandibular reconstruction in particular. 

Inn spite of the fact that anterior reconstruction is known to be a technically difficult procedure, 

feww articles have appeared on the modeling of a neomandible. 

Chapterr 2 describes a method of modeling using a minimal number of fibula segments. The 
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Chapterr 7 

aimm is to limit the number of osteotomies, thereby retaining the periosteal circulation and 

thee perforators, which run to the bone. An additional advantage of the simplification of the 

proceduree is that less time is necessary to carry it out. 

Followingg the system of Urken et al. (11) the entire lower jaw is partitioned into five segments. 

Thiss simplification of the contour made it possible to develop a template based system for 

thee accurate creation of closed wedge osteotomies in a fibula. The aim was to create tight 

fittingg bone contact surfaces to obtain greater stability of the fixation of the bone segments. 

Thee method described in this chapter is not particularly sophisticated. The contour of the 

jaww is traced onto paper. This represents a projection of the 3-D shape of the jaw on a flat 

surface.. The required contour is the anterocaudal rim, which does not always correspond 

withh this projection. The importance of this contour is in itself a point of discussion; a 

numberr of authors attach more importance to an optima! prosthetic starting situation in a 

patientt with a dentulous jaw and place the fibula higher than the anterocaudal rim (12). 

Ourr method is based on the equalisation of the magnitude of overprojection of the 

symphyseall section and the underprojection in the body section. We favor a reconstruction 

withh a relatively wide symphysis section. This corresponds well with the requirement laid 

outt in this chapter, viz. the minimum internal width of the lingual aspect of this bone 

segmentt should be 15 mm. This 15 mm requirement is based on the safe minimum width 

forr the preservation of the blood supply. Although there have been only a few reports in 

literaturee of avascularity of the bone segments, it would appear that on the basis of more 

recentt data concerning the large influence that the number of osteotomies and the size of 

thee bone segments has on the circulation in the bone, it would seem sensible to adhere to 

thiss requirement, certainly when in combination with radiotherapy. The chosen fibula width 

off 14 mm is somewhat generous and can have repercussions on the minimum usable 

lengthh of the central bone segment (13). In practice, this can sometimes impose limitations. 

Inn these cases a wider chin width or a more limited chin projection have to be accepted. 

Thee divergence of the vertical ramus section laterally in relation to the body section cannot be 

recreated,, but in practice this does not present problems. The contour of this region is strongly 

dependentt on the soft tissues and the effects of the resection and radiotherapy treatment. 

Thee modeling and osteotomy jig system described in Chapter 3 proved satisfactory in almost 

alll cases. The system was developed with reconstructions of the anterior section of the jaw 

inn mind but has proved to be universally applicable. It has the advantage that there is no 
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needd to use templates that need to be molded along the contour of the jaw. Instead a direct 

conversionn to the desired lengths and osteotomy angles can be made. This means that the 

surgeonn is no longer dependent on preoperative radiographic studies of the margins of the ossal 

resectionn and can anticipate by means of direct clinical vision, which enables changes to be 

takenn into account, for example, recent tumor growth that wou Id necessitatea larger resection. 

Thee modeling and osteotomy jig system can of course be assembled at the start of the 

operationn depending on the number of bone segments that are expected, thus saving time. 

Thee system is simple to set up. It is highly probable that using this system for modeling the 

fibulaa will save time, however this has yet to be objectified. The biggest advantage of this 

systemm is the precision with which it enables osteotomies and plate fixation to be carried 

out.. The time gained is then a secondary advantage. 

Thee osteotomy jig offers the possibility of taking the location of the fibula osteotomies into 

accountt so that when using an osteocutaneous fibula flap the ossal perforators and the 

septocutaneouss vessels can be spared. The placement of dental implants can also be taken 

intoo consideration. 

Byy turning the fibula along its axis in the saw jig, the angle of the chin segment can be 

assessed.. When fixing the neomandible to the jaw stumps, the section of the fibula that 

formss the chin segment should recede somewhat so that the lower edge of the fibula forms 

thecontourofthejaw{14). . 

AA system that is similar in some ways to the one described here, is the JTwo-stage system 

withh drill /saw template' of Rohner et al. (15). Their system requires the prefabrication of a 

dentall prosthesis, the construction of a patient specific drill/saw template, placing dental 

implantss in the donor site and covering the donor fibula with a skin graft. During stage II 

afterr 4-6 weeks, the drill/saw template is positioned on the fibula and the osteotomies 

carriedd out. After fixation of the fibula segments the entire construction is placed in the 

defect.. Ten mandibular reconstructions were carried out using this method. In two patients 

aa fibula segment was lost. According to the authors this was'due to oversegmentation with 

necrosiss of the distal segment'. 

Thee system of Rohner et al. is completely patient specific, assumes the use of dental implants 

andd is a two-stage procedure. Our system has none of these disadvantages. However it does 

havee some drawbacks and there is room for improvements. The main problem is putting 

togetherr the central part of the modelingand osteotomy jig system. This central part should be 

adaptedd to use a narrower fibula and to be able to reconstruct a narrow symphyseal segment. 
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Onee problem, which was not considered during development of the system, was the fact 

thatt only the right-sided symphysis-body-ramus reconstruction can be made using the saw 

jig.. This can be easily overcome by making a special end saw guidance plate that can be 

slidd onto the symphysis pin on the left body section. 

Whilee developing the system we chose 'half of the measured length of the ramus'as the 

initiall value for the length of the ramus modeling and osteotomy system segments. The 

mainn reason for this being that the system was primarily meant for reconstructions in the 

symphysiss and body areas of the jaw. Also resections of these areas that as well include the 

condyless occur infrequently. 

Inn practice, the reconstruction of the mandible including the entire ramus, with or without 

thee condyles, has shown the ramus modeling and osteotomy jig segments to be too short. 

Thiss causes the contour of the neomandible to become deformed (16). The prototype used 

inn the cadaver reconstructions and in 14 clinical reconstructions is too heavy and ungainly. 

Duee to cost considerations the prototype was made from hard nickel plated brass and 

stainlesss steel A newer version will be made from a combination of titanium for the body 

segmentss and stainless steel for the saw guidance plates. 

Thee K-wire pylonscan be made to move sideways so that the K-wi res can be placed in 

areass where there are no vital structures. 

Ass was mentioned earlier, the location of the saw cuts in the mandible does not present a 

problem.. However, they must be made perpendicularly to an imaginary horizontal plane 

runningg through the mandible in such a way that after fixation, the neomandible is not 

orientatedd either upwards or downwards. This is achieved only by accurate orientation in 

relationn to the remaining native jaw during the procedure. 

Usingg the current apparatus, the direction of a saw cut in the axial plane of the mandible 

mustt also be perpendicular to the tangent along the external aspect of the jaw. If this does 

nott occur then bone-bone contact between the remaining mandible and the neomandible 

willl be less than optimal. This can be seen in Chapter 4 in cadaver jaw number 5. In order 

too be less dependent on a perpendicular saw cut in this direction, the alignment plates of 

thee modeling template and therefore also the saw guidance plates of the saw template have 

too be made adjustable in the next version of the system. 

Thee results from a series of 14 patients who underwent reconstruction using the modeling 
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andd osteotomy jig system were not included in this thesis. The group was an extremely 

diversee one as the size and location of the jaw defect as well as the indications for 

reconstructionn varied greatly. What can be ascertained however is that there was no loss of 

fibulaa bone segments or loss of skin islands in osteocutaneous fibula flaps. One 

osteocutaneouss fibula flap was lost due to a thrombus in the vascular pedicle and the 

consequentt necrosis of the soft tissue covering a few days after operation. 

Eightt weeks postoperatively there was complete consolidation of the osteotomies in the 

fibulaa segments, even in the two cases where there was a late fracture of the osteosynthesis 

materiall (2.0 and 1.5 mm osteosynthesis plates). Fibula osteotomies carried out using the 

saww template were so accurate that no further correction was necessary. 

Manyy authors maintain that in ossal reconstruction after a mandibular resection, a good 

contourr restoration is a condition for the optimal rehabilitation of speech, swallowing and 

orall continence as well as a good esthetic result (17). Unfortunately there is little literature 

aboutt the evaluation of the actual shape of the contour. The few comparative studies that 

havee been done use a lateral skull radiograph, an orthopantomogram (OPQoraTowne 

projection.. In Chapter 4 we describe a new method whereby we match 3-D images from 

bothh before and after reconstruction and then project them over each other. In this way, 

differencess can be quickly seen and evaluated. We have not attempted to quantify the 

differences.. If measurements were performed, then the relationship between these 

measurementss and their clinical relevance are still unclear. 

AA comparable problem presents itself in the objective and subjective evaluation of stigmata 

inn cleft patients (18). 

Itt remains unclear where measurements should betaken, i.e., it is unclear which of the 

mandibularr segments is the most important in achieving the best esthetic results. Indeed 

havingg complete knowledge in this matter then it would still not be clear whether they were 

alll of equal importance. For this reason quantification was not carried out. 

Thee axial planes of the images were examined to ascertain the position and degree of 

maximumm deviation. In a few cases the differences that were found are less than 3 mm 

(jawss 1,2,4,6, 7) but are not elaborated any further. 

Itt appears clear that a more or less symmetrical result is of more importance than a particular 

degreee of over- or underprojection. A good example of this is jaw numbers, which deviates 

mostt from the original one. Measured in the axial plane this would produce the worst 

result:: the distance between the reconstructed contour and the original or theoretical contour 

iss in the central part of the symphysis region, at the cuspids and in the middle of the body 
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sections,, larger than in the other examples. Even so from three quarter 3-D images it was 

judgedd to be an adequate reconstruction. 

Duringg the same year that Hidalgo introduced the fibula for mandible reconstruction he 

alsoo published an article on bone fixation using miniplates (19). From that time onwards 

theree has been a choice between a rigid form of fixation using a reconstruction plate, which 

cann often also used as a template, or a less rigid form of fixation using miniplates. There 

appearss to be a preference for limiting the amount of hardware used in mandible 

reconstructionss (20). However, there are some reservations concerning the use of miniplates. 

Theree is a risk that placing miniplates over the periosteum may interfere with segmental 

circulationn of the fibula segments. A! so affixing two miniplates and eight screws per osteotomy 

locationn is a time consuming process. 

Inn Chapters 5 and 6, two previously untried methods for fixation of fibula segments in 

mandiblee reconstruction are introduced. These new fixation methods are compared with 

titaniumm miniplates and stainless steel interosseous wires. In each technique, consolidation 

off the fibula osteotomies was obtained in more than 95% of the cases (19,21). 

Thee methods of testing employed in these two chapters differ. This is because at the time of 

thee development of the Wire Compression Plate the original test setup and the same beech 

woodd material were no longer available. Also it was not possible to test the new fixation 

techniquee on a beech dowel or comparable material without a medullary cavity. The six 

Polyetheretherketonn (PEEK) fibula models used in Chapter 6 are more realistic. Their shape 

iss derived from an existing piece of human fibula and was fabricated using a computer 

controlledd test bench. The positioning of the fixation material corresponds with the clinical 

situation.. Another difference is the positioning of the interosseous wires. In the first test 

setupp the wires ran through the entire width of the beech wood fibula model. In the PEEK 

model,, the interosseous wi res and the Wi re Compression Plate system only run through the 

anteriorr cortex. This choice was made in order to be able to compare these two techniques 

inn the latter test setup. 

Thee change to a new test bench resulted in a different method of compression testing. In the 

firstt series of tests the beech dowel model was subjected to compression loading. This caused 

thee segments to rotate on an axis through the most posterior contact plane and resulted in 

extrusionn of the osteotomy. In the later tests, a bending moment was exerted on a fibula model 

inn which the rotation axis was placed in an identical location compared to the former method. 
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Memoryy staples were chosen as an alternative for miniplates. This form of fixation has been 

usedd for some time in facial trauma surgery (22,23,24). The advantage of Memory staples 

iss that they are quick and simple to apply and after being heated produce good compression 

betweenn adjacent bone segments. The staple material is more pliable than titanium plates 

andd has the additional advantage of exerting dynamic compression at the site of 

osteosynthesis.. Under deformation by compression or rotation the staple behaves reversibly, 

i.e.,, after release it returns to its original form. Unlike the situation in which osseous wires 

aree used, the staple continues to exercise compression on the contact surfaces. 

Ourr first self-developed alternativedid not prove successful. The starting point was that the 

strengthh of the interosseous wiring technique is determined by the ends of the wire untwisting. 

Wee developed an alternative method of fixing the ends of the wire. This involves clamping 

thee wire with a metal plate. These plates were triangular in form and rested on the bone 

contactt surface with their corners bent downwards to form 'legs'. This solved one of the 

disadvantagess of interosseous wires, n.i.z., the blockading of the periosteal circulation by 

thee wire running over the surface of the periosteum. 

Thee fixation of the plates to the wires proved problematic. The forceps designed to pull the 

wiree and deform the plate did not work properly. Improvement of this technique will raise 

thee resistance against the forces of torsion and bending. However the localization of the 

wiree very close to the rotation axes through the contact surfaces of the fibula segments 

makess this form of fixation extremely sensitive to slack in the wire. 

Iff the shape of the Memory staples is adapted so that they do not protrude at the corners 

whilee being positioned in the frontal part of the mandible reconstruction, then they are 

indeedd an attractive alternative to miniplates. 

Thee conclusions based on the studies described in this thesis can by summarized as follows: 

1.. Bilaterally subcondylar extended defects of the lower jaw can adequately be reconstructed 

byy employinga procedure involving five fibula bone segments and four osteotomy sites; 

2.. A modeling and osteotomy jig system can be build enabling the fibula to be securely 

osteotomized; ; 

3.. Adequate fixation of the fibula bone segments can be achieved using Memory staples; 

4.. Evaluation of the end result - the neomandible - is best carried out using matched 3-D CT 

scanss from before and after reconstruction that, after proper alignment, are projected 

ontoo one another. 
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