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__ Summary 

Summar y y 
Inn Chapte r 1 the aims of this thesis are outlined and a brief historical overview of 

mandibularr reconstruction is presented. The objective of reconstructing a mandibular 

defectt are the recovery of function and aesthetics. If this is to be achieved using a free 

vascularizedd osteocutaneous fibula graft, then partitioning the graft into segments is 

necessary.. Optimal modeling and adequate fixation of the fibular bone segments is 

requeredd to restore the contour of the mandible. 

Mandibularr reconstruction using a solid block of tibia, tibial periosteal strips or 

pedicledd mandibular grafts were the most commonly used methods in the early 

twentiethh century. During World War Two, cancellous bone chip grafts in combination 

withh metal or synthetic mesh trays were introduced. Up to the late 1970s the 

nonvascularizedd solid block ileum graft was the standard method for reconstructing 

mandiblee defects. In the 1980s several types of pedicled osteomuscular flaps were 

developedd for mandibular reconstruction. In the same period microvascular free tissue 

transferr was introduced. Initially, the most frequently used donor bones for free 

vascularizedd flaps were the distal radius, the scapula and the iliac crest. In 1989 Hidalgo 

wass the first to describe the use of the fibula in mandibular reconstruction. Within a 

veryy short time the fibula became the first choice for mandibular reconstruction, and 

anteriorr mandibular reconstruction in particular. 

Inn orderto recreate the parabolic form of the mandible, the fibula has to be partitioned 

intoo segments using a closed wedge osteotomy technique. The literature shows that 

restorationn of the contour of the jaw is nota foregone conclusion and that secondary 

operationss are often necessary to recreate an acceptable jaw contour. Over the years 

severall articles concerning the best method of modeling the contour of the mandibular 

havee been published. None of them have lead to a method, system or device that is 

universallyy applicable to recreate an adequate contour of the lower jaw. To answer 

thee question how to restore the mandibular contour as accurate as possible, while 

maintainingg a good vascular supply of the fibular segments, we performed a study 

describedd in Chapte r 2. Preferably, the number of osteotomies is kept to a minimum 

soo that segmental periostial circulation is not compromised and operating time is 

minii mal ized. However, the limited number of osteotomies creates an angular contour. 

Thee aim of the study is to establish the degree to which over or under correction will 

occurr when a reconstruction from ramus to ramus was simulated using five bone 
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segmentss and four osteotomies. 

Thee study was carried out using 30 preserved jaws; the contour lines of the jaws were 

transferredd onto tracing paper. The contour of the mandible was partitioned into five 

sectionss (ramus, body, symphysis, body, and ramus). 

Duee to the cutting off of the curvature in the original jaw outline the lateral side of the 

bodyy wi l l become narrower and the chin broader. This also results in an 

underprojectionn (displacement) of the chin. In order to follow the original contour of 

thee jaw, as accurately as possible, all these anomalies must be minimized. The amount 

off under and over projection is calculated for a displacement of 1.0, 1.5, 2.5, 5.0, 7.5 

andd 10 mm of the chin. 

Thee most accurate reconstruction of the mandibular contour is achieved with a 

displacementt of 1.5 or 2.5 mm. In order to preserve sufficient periostal circulation the 

minimumm width of bone segments must be 15 mm or more. This concerns especially 

thee symphysis section. Based on a fibula thickness of 14 mm the internal bone width 

off the symphysis section is calculated. With a displacement of 1.5 mm the average 

internall width of the bone segment is 14.8 with a range of 9.9 to 23.0 mm. Therefore a 

displacementt of 2.5 mm with an internal bone width of 16.4 mm is preferred (range 

11.9-24.88 mm). The loss of lateral projection is minimal (5.8 mm) and the resulting chin 

widthh is acceptable (average of 35.0 mm). 

Inn conclusion we propose that in a subtotal procedure, an acceptable jaw 

reconstructionn can be achieved with a limited number of osteotomies while the bone 

lengthh of the symphysis section remains within safe limits. If the defect is of limited 

dimensionss then the resulting jaw contour is even more accurate. 

Inn order to reconstruct the complex three dimensional curve of the mandible it is 

necessaryy to carry out multiple osteotomies. Several solutions to the problems 

concerningg the site and angle of these osteotomies have been proposed, however in 

practicee this is usually done by rule of thumb. 

Inn chapter 2 we showed that it is possible to adequately reconstruct the contour of the 

jaww with a limited number of osteotomies. Using these data we have developed a 

modelingg and an osteotomy jig system that is introduced in Chapte r 3. The function 

off the modeling jig is to convert the curved contour of the mandible into the angular 

contourr of the reconstruction. The information concerning lengths and angles that is 

storedd in the modeling jig is transferred to the osteotomy jig. The fibula (which is still 

attachedd to the leg by its pedicle) is fixed in the jig and then in a single stage procedure 

osteotomiess are made and segments are fixed into their predetermined positions. In 
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thiss way optimal bone surface contact is achieved at the osteotomy sites. After the 

bonee segments have been fixed the fibula is removed from the jig and the pedicle 

ligated.. The neomandible can then be attached to the remaining mandible. 

Littlee is known about the results of reconstruction of the contour of the mandible 

afterr reconstructive surgery with a vascularized free flap fibula transplant. The aim of 

thee cadaver study descibed in Chapte r 4 is to assess the quality of mandibular 

reconstructionss carried out using the modeling and osteotomy jig system. 

AA standard anterior mandibular defect was created in eight cadaver heads. CT scans 

off the cadaver heads were carried out both before and after reconstruction. Using 

computerr software the images obtained were matched to enable the comparison of 

thee 3-D shape both before and after reconstruction. Images of the jaw both pre-and 

postt reconstruction were superimposed on one another and then printed in three-

quarterr projection. Using axial 2-D slices of matched CT images, we compared the 

original,, the reconstruction and a third image comprising a theoretically optimal 

contourr reconstruction. The jaw was placed in a standard position and the plane of 

thee axial slice was determined by the lateral projection of the mandible. The plane 

runss through the point of the chin at its most anterocaudal projection. 

Goodd results were achieved in seven of the eight reconstructions. Compared to the 

theoreticallyy optimal reconstruction, there was only a limited underprojection of the 

symphysiss segment. 

Wee concluded that 3-D images of the matched CT scans in combination with 2-D images 

off axial slices incorporating the original contour of the jaw, is the best method to 

assesss the quality of jaw reconstructions. Further efforts to quantify the differences 

betweenn the or iginal and post operative contour does not lead to a better 

understandingg of the quality of the reconstruction. This visual method has shown that 

thee modeling and osteotomy jig system is an effective method of jaw reconstruction 

whichh gives a good result. 

Afterr modeling, the fibular bone segments have to be fixed to one another and to the 

remainingg mandibular stumps. This can be done by means of a reconstruction plate 

orr miniplates. It is preferable to keep the amount of osteosynthesis material used in 

thiss procedure to a minimum thus minimizing the risk of compromising the periosteal 

bloodd circulation of the fibula segments from the pressure of osteosynthesis material 

onn the periosteum. Titanium miniplates are currently the 'gold standard' and are 

compatiblee with the modeling and osteotomy jig system. However, it is known that in 
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almostt all cases of mandibular reconstruction an interosseous wire technique will 

alsoo lead to consolidation of the fibula osteotomies. This gives the opportunity to 

exploree other methods of fixation. Research into simplifying the method of fixation 

wass carried out. 

Inn Chapte r 5 bonestaples made of a nickel titanium alloy are presented as an alternative 

too conventional fixation in mandibular reconstruction with a free vascularised fibula graft. 

Inn order to evaluate its stability relative to conventional methods of fixation with 

interosseouss wires or miniplates, an in vitro model using beech dowels was developed. 

Torsionall stiffness and strength as well as compression stiffness and strength was examined. 

Thee compression-test results showed that maximum strength of interosseous wires is 

significantlyy less than memory staples, which in turn are weaker than titanium 

miniplates.. Of these 3 methods, miniplates are significantly the most rigid form of 

fixation. . 

Thee value of torsional strength of plates at 35  of rotation is approximately twice as 

highh as the torsional strength of staples. The difference in the rigidity of staples and 

platess is marginal. Interosseous wires show a rapid decrease of strength and rigidity 

duringg torsional stress. 

Whenn considering interosseous wires the least and miniplates the most stable form 

off fixation by which bone healing can occur, memory staples can provide enough 

stabilityy to assure consolidation. 

Inn Chapte r 6 a prototype of a variant of the interosseous wire technique is described. 

Thee wire compression plate system is made up of thick monofilament steel wire and 

wiree compression plates. The wire is passed through the intramedullary space via drill 

holess in the segments which are to be joined together. Fixation is achieved by advancing 

wiree compression plates bilaterally over the wires, then tightening the wire, thus 

deformingg the plates and clamping them to the wire. The wire compression plate 

systemm exercises less pressure on the periosteum than the interosseous wire technique 

andd is easily applied when using the modeling and osteotomy jig system. Also this 

systemm of wire fixation should be able to withstand better bending and torsion stresses. 

Thee new compression plate system is compared with two commonly used techniques: 

interosseouss wire fixation and titanium miniplates. An artificial fibula model was 

developedd for these in vitro stress tests. 

Thiss newly developed alternative did not prove successful. The resistance against the 

forcess of torsion and bending was equal or less compared to the conventional 

interosseouss wire technique. Several improvement were proposed 
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