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Developmentt of a modeling and osteotomy jig 

Introduction n 
Thee free osteocutaneous fibula flap has become indispensable in reconstructing defects of 

thee mandible (1,2,3). 

Ass wei I as restoring the continuity of the bone it is desirable to restore the contour of the 

lowerr border of the jaw. In this respect anterior reconstructions are the biggest challenge. 

Thee central part of the jaw is a point of attachment for the muscles of the floor of the mouth. 

Ass well as being of functional importance the anterior contour of the jaw determines the 

appearancee of the lower third of the face. 

Thee contour of the lower border of the mandible is roughly parabolic in shape. In order to 

restoree this shape after resection, the fibula flap is partitioned into segments by means of 

closedd wedge osteotomies. 

Thee location and the size of the angles between the segments and the length of the segments 

iss a problem that has been addressed many times. 

Asaa rule a template is made. The use of a template creates a number of problems. The 

curvee of a template follows the line of the native mandible but must also be transformed 

intoo the angular contour of the neomandible. The length of the fibula segments as well as 

thee positions and angles of the osteotomies have to be determined. This involves making 

estimationss and sometimes calculations. In a simple reconstruction involving two fibula 

segmentss and an osteotomy, a small correction does not present any problem. In more 

complexx reconstructions however, a correction to one osteotomy affects the position of all 

thee other segments thus influencing the accuracy of the entire reconstruction. 

If,, from an oncological point of view it is inadvisable to dissect out the mandible or if there 

iss a serious distortion of the bony contour, then making a plate template can be problematic. 

Underr those circumstances the contour is usually estimated. If there is no information on 

thee native mandible contour, then secondary reconstruction also presents the same problem. 

Wee feel that there is a need for a template system that directly transformes the parabolic 

curvee of the mandible allowing to carry out peroperative checks. It should be possible to 

comparee the modeling template with the resected mandible or with a 1:1 CTorMRI images 

inn order to make adjustments. If the template cannot be set up this way due to oncological 

considerationss or if secondary reconstruction makes its use impossible, then the template 

shouldd also be able to fit into the defect in order to make the most accurate possible estimate 

off the most desired shape of the neomandible. In an earlier publication, we demonstrated 

thatt it is possible to achieve an adequate contour of the lower jaw in total reconstruction 

usingg five bone segments or of the anterior jaw using three bone segments (4). We developed 
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aa modeling template based on this simplification. The modeling template makes it possible 

too register the complex 3-D curve of the contour of the jaw in a simple manner and to 

convertt this information into lengths and angles. The information is then transferred from 

onee template (modeling jig) to a second template (osteotomy jig). In this apparatus the 

osteotomiess can be fashioned relatively quickly and with a high degree of accuracy. The 

needd for any further correction to the angles of the osteotomy is minimized. 

Materialss and methods 
Thirtyy preserved lower jaws selected at random, were used to investigate at which degree of 

retroprojectionofthee chin segment (loss of projection of the point of the chin) a reconstruction 

off the mandibular contour can be obtained using a maximum of five bone segments (4). 

Thee jaw was placed on cardboard (Fig. 1) that was folded in such a way that the symphysis 

andd bilaterally the body of the jaw rested on its base and the posterior aspect of the ramus 

wass positioned against the upright part. The contour of the jaw was then traced onto the 

cardboardd and partitioned into 5 segments. 

ySyS Mandibular contour line 

nn 11 

Fig.. 1. Reconstruction study. The contour of the 
mandiblee partitioned into five straight sections with 
thee corresponding lengths projected onto it. See 

vv . / text for definition of symbols. 

Thee length of Lr, Ls, Llat as well as the distance between the G* points was measured. 

Fromm these data the angle a (i.e. the angle between Lb and Llat) and the length Lb 

weree calculated. 

Becausee of the cutting off of the curvature of the original jaw line, the lateral aspect is 
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narrowedd (over a distance Ub) and thech in becomes widervv i th Us. In o r d e r t o recreate 

thee or iginal con tour as accurately as possible, these two deviat ions must be min imized. 

Thiss can be achieved by mak ing the max imum nar row ing of the body equal to the 

max imumm w iden ing of the ch in, Ub = Us. This magni tude depends on the displacement 

(underpro ject ion)) D in the ch in area. The values of U b and Us are de te rmined by an 

underproject ionn D of 1.0,1.5,2.5, and 5.0 mm. Ideally the best possible contour is achieved 

iff the Total Displacement (TD = Ub + Us + D) is min ima l . 

W h e nn de termin ing the length of the exterior of the bone segment for the symphysis, its 

internall d imensions (Lsi) must also be taken into account. These must not be too small or 

circulat ionn may become compromised. A m in imum length of 15 m m is ideal. 

Forr every value of the displacement D of the symphyseal segment, the internal length (Lsi) 

off this part is calculated. The calculat ion is based on a f ibula thickness of 14 mm. 

Inn this study we showed that w i t h only a l imi ted loss of ch in pro ject ion (D = 2.5 mm) it is 

possiblee to achieve a reasonable chin w id th (average Ls + 2 U - 34.8 m m (U = Us = Ub)). 

Losss of lateral pro ject ion is minimal (U =5.8 mm) and the internal length (Lsi) of the bone 

segmentt in the symphysis region is at 16 m m wi th in established parameters (4). 

Thee data f rom the study determined the dimensions of the mode l ingand osteotomy jigs. 

AA m o d e l i n g a n d o s t e o t o m y j i g s y s t e m 

Inn developing this reconstruction system we used a two-step procedure as our starting point. 

Thee first step involves a conversion of the contour of the mandible into a maximum of five 

segments;; left ramus, left body, symphysis, right body and right ramus (Fig. 1 >. 

Thee structure of the model ing j ig is such that it can be put together in parts depending on 

thee number of mandibular segments that are to be replaced. The body model ing jig sections 

aree attached to the symphysis sections by means of an adjustable hinge; the ramus sections 

Fig.. 2. The modeling jig 
wass primarily developed 
forr central reconstructions 
butt can also be extended 
byy one or two adjustable 
ramuss section(s). In this 
samplee a ramus section is 
addedd on the left side. 
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(iff used) are then in turn at tached to the body sections (Fig. 2). The angle between the 

hor izontall symphysis-body section and the vertical ramus sections in the frontal v iew is 

fixedd at , however the mandibular angle (the angle between ramus and body sections in 

aa sagittal view) is adjustable. 

A l ignmentt plates are attached to the ends of the body and ramus sections. These plates 

enablee a good orientat ion of the model ing j ig to the remaining mandibular stumps. Before 

cont inui tyy is d isrupted the remaining mandibular stumps are temporar i ly fixated to each 

otherr by means of an osteosynthesis plate. 

Thee model ing jig is then placed in the defect w i th the al ignment plates on the body and/or 

ramuss sections against the buccal aspect of the mandibu lar s tumps (Fig. 3). 

Fig.. 3. The modeling jig is plated in the 
mandibularr defect with the alignment plates 
off the body sections against the buccal aspect 
off the mandibular stumps (asterisk). The 
lengthss of the body and ramus sections as well 
ass the desired width of the symphysis section 
cann now be determined. The center of the 
symphysiss section of the modeling template 
iss marked (arrow). This mark is aligned with 
thee midline of the face. 

Thee lengths of the body and ramus sections as we l l as the des i red w i d t h of the 

symphysiss sect ion can n o w be de te rm ined . The center of the symphysis sect ion of the 

mode l i ngg jig is marked. This mark is al igned w i th the mid l ine of the face. The locat ion 

andd angle of the parasymphyseal os teo tomy is then de te rm ined by the locat ion of the 

axiss th rough the f ixat ion screw in the adjustable hinge. T ighten ing these screws causes 

t hee d i m e n s i o n s t o be f i x e d in t he m o d e l i n g j i g . The symphys is sec t i on is so 

p ropo r t i onedd that the length of the symphysis bone segment (Lsi, see Fig. 1) can never 

bee less than 15 m m . 
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Whenn the contour of the defect has been converted in this manner, in order to check 

itss accuracy, the modeling jig can be compared with the resected mandibular segment, 

aa 1:1 CT or an MRI image, a contoured plate or an other form of template. 

Thee second step consists of transferring the information from the modeling jig to the osteotomy 

jig.. This is made up of hinged sections whose length can be adjusted. 

Twoo adjustable saw guidance plates are situated on a common axis on either side of each 

hingee between segments.. If the ramus is also to be reconstructed, the osteotomy jig can be 

extendedd by a body/ramus section. The body and ramus sections are closed off with end 

saww guidance plates. 

Thee modeling jig is now placed in the osteotomy jig. The axes of the adjustable hinges fit 

intoo the corresponding hinge axes in the osteotomy jig. The lengths of the sections in the 

Fig.. 4. The modeling jig is placed in the 
osteotomyy jig where small holes in the axes 
off the adjustable hinges fit the corresponding 
pinss on the hinge axes of the osteotomy jig 
(seee Fig. 6). The osteotomy jig is folded around 
thee modeling jig (frontal view, below). The 
lengthss of the sections in the osteotomy jig 
aree adjusted to correspond with those of the 
modelingg jig by sliding the central part of the 
jigg and the end saw guidance plates (double 
arrows).. The angles in the modeling jig are 
transferredd by positioning two saw guidance 
plates,, which are situated on a common axis 
onn either side of each hinge against each other 
(singlearrows)) (rear view, above). 

osteotomyy jig are adjusted to correspond with those of the modeling jig. The angles 

inn the modeling jig are transferred by positioning the saw guidance plates against 

eachh other, after the osteotomy jig has been folded around the modeling jig (Fig. 4). 

Thee information about bone length and angles has now been stored in the osteotomy 

jig.. The jig is then folded open and the fibula placed in it. The fibula is positioned with 

itss anterolateral aspect against the fixation pylons and the vascular pedicle lying across 

thee saw guidance plates (Fig. 5). 
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Fig.. 5. The osteotomy jig is folded open and the fibula is placed in the jig (rear view). The fibula is 
temporarilyy fixed by drilling K-wires through the fixation pylons into the fibula (asterisk). The orientation 
off the fibula is such that the anterolateral aspect of the fibula is lying against the fixation pylons and the 
vascularr pedicle (not shown) is lying across the saw guidance plates and the end saw guidance plates 
(arrows).. Using an oscillating or reciprocating saw, the osteotomies are prepared while protecting the 
vascularr pedicle. 

Thee anterolateral aspect of the fibula will form the buccal aspect of the reconstructed 

mandiblee and the vascular pedicle will be located on the inside of the neomandible. By 

alteringg the position of the fibula in the osteotomy jig, considerations relating to the 

positionn of the osteotomies in relation to the vascular pedicle, the septal vessels, skin 

paddlee and the position of implants in future dental reconstruction can be addressed. 

Rearr view 
Fig.. 6. The osteotomized fibula fixed in the 
osteotomyy jig (rear view above, frontal view 
below).. After removal of the wedge shaped 
segments,, the osteotomy jig containing the 
fibulaa can be folded into its original position. 
Thee alignment pins on the hinge axes of the 
osteotomyy jig are marked with arrows. The 
neomandibularr segments can now be fixed 
withh titanium plates, wires or Memory staples 
(nott shown). 
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Temporaryy fixation of the fibula in the osteotomyy jig is achieved by drill ing '1.0 K-vvires 

throughh the fixation pylons into the fibula. The K-vvire is held in position by a screw. 

Thee periosteum is stripped from the fibula in the area between the saw guidance 

plates.. The osteotomies are prepared using an oscillating or reciprocal saw while 

protectingg the vascular pedicle. The osteotomy jig can be folded in such a way that 

thee bone segments come into contact with one another (Fig. 6). 

Thee bone segments are fixed into position with either 2.0 mm mini screws and plates, 

cerclagee wire or with Memory staples (Fig. 7). The neomandible is thus formed. The temporary 

K-wiress are removed and the vascular pedicle ligated (Fig. 8). 

Thee neomandible can now be fixed into position in the jaw (Fig. 7, 9). 

Inn practice, every effort is made to temporarily fixate the mandibular stumps to one 

anotherr in order to maintain their orientation (5). As a rule it is possible to use a 

Fig.. 8. In this intraoperative photograph the modell ing Fig. 9. Craniocaudal v iew of case shown in f i gu re 
j igg and the neomandibula are shown. The vascular 8. The neomandib le is f ixed w i th t i tanium plates to 
pediclee is visible on the right ready for ligation (arrow), the remaining mandibular stumps. The jaw ends are 

indicatedd w i th arrows. 
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reconstructionn plate for this purpose prior to resecting the tumor. If possible, the 

reconstructionn plate is positioned in such a way that it does not hinder the positioning 

off the modeling jig and/or the resection of the tumor. Either a locking bridge device 

orr the splint and plate technique can also be used for fixation of the remaining mandible 

(6,, 7). In dentulous patients an intermaxillary f ixation is used. Alternatively a 

maxillomandibularr plate fixation can be applied (5). In secondary reconstruction, the 

correctt positioning of the remaining mandible is estimated and temporarily fixed with 

aa reconstruction plate. A prototype of the modeling and osteotomy jig system was 

developedd in collaboration with Spierings Medische Techniek BV at Nijmegen, The 

Netherlandss and has been made in the workshops of the Department of Medical 

Technologicall Development at The Academic Medical Center, Amsterdam, The Netherlands. 

Discussion n 
Thee free osteocutaneous fibula flap has become the workhorse of mandibular reconstruction. 

Condyle-to-condylee reconstructions are possible, central reconstructions are the most 

technicallyy complicated. 

AA popular reconstruction method for mandibular defects is the use of a reconstruction plate 

ass an orientation template and as a method of fixation for the fibular flap (8). There are a 

numberr of drawbacks to this method. If a plate is used, theossal reconstruction is always 

smallerr than the original contour of the mandible. After removal of the plate at a later stage 

theree will always be some retroprojection particularly in the central section. Good bone-

on-bonee contact between the fibular segments is difficult to achieve using a plate template: 

tighteningg the screws causes the segments to move outwards and therefore away from one 

another.. This, combined with the possible stress shielding effect of a sturdy reconstruction 

plate,, may increase the chance of a non-union. 

Thee placement of implants for dental prostheses during or after surgery can be impeded by 

osteosynthesiss material. For secondary placement of these implants it is usually necessary 

too remove screws and plates (9,10). 

Inn a number of situations it is not possible to contour the reconstruction plate on the mandible 

sincee growth of tumor through the buccal cortex, serious deformation of the contour of the 

mandiblee caused by bone tumors like ameloblastomas and in secondary reconstructions in 

whichh a deformation, whether or not caused by loss of bone, has occurred. In these cases 

differentt plate-shaping techniques have to be used and the degree of accuracy they achieve 

isnotass high. 
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Inn recent years the trend has beenn away from the use of relatively large volume plates 

andd towards using only a minimal amount of osteosynthesis material of very small 

dimensions.. Types of material used are titanium miniplates size 2.0 (1), standard 

cerclagee steel wire and Memory staples {11,12). 

Inn order to minimize the amount of osteosynthesis material used, there has to be a 

highh degree of intersegmental stability, which is achieved by maximum coaptation 

off the bone surfaces. The stability of the neomandible is also dependent on the number 

off bone segments used in its construction. In order to be able to plan the osteotomies 

ass accurately as possible, templates are often used. These can be created from 

preoperativee radiological studies including: a 1:1 transverse plane CT, a lateral 

cephalogramm (13,14), an orthopantomogram (16), a 3-D CTscan or a solid model derived 

fromm 3-D CTdata {15,17,18). A template can also betaken directly from the jaw prior to 

resectionn or from the resected specimen (19). If the mandible is not suitable for making 

aa template in any of these ways then the contour of the maxilla may be used (5). 

Inn all of these methods, the final conversion of the parabolic curve of the mandible 

intoo a contour formed by straight segments positioned at a range of angles is only 

achievedd when the osteotomies are carried out. These angles can be determined with 

thee help of a nomogram (20) but are more often estimated by rule of thumb. When 

usingg an osteocutaneous fibula flap the localization and length of the vascular pedicle 

andd the localization of the septal perforators must also be taken into account. Direct 

placementt of implants for any future dental reconstruction procedure complicates 

thee situation even more. 

Kanee and Olsen partially solved this problem by creating an Aquaplast template that is 

madee peroperatively and can be placed into the defect created by the resection procedure 

{21).. This template establishes the necessary bone lengths and at what angles the osteotomies 

needd to be created. This information is transferred in the conventional manner. 

Itt is also possible to make calculations from conventional radiological studies (22) although 

itt is not possible to check the accu racy of these calculations during the reconstruction 

procedure.. In view of all the variables that need to be taken into consideration it is 

advantageouss that this procedure should be as straightforward as possible. 

Ourr method, using the modeling and osteotomy jig system solves a lot of these problems. 

Afterr temporary fixation of the mandible prior to resection of the tumor, the modeling jig is 

placedd in the resulting mandibular defect. Using the Urken et al. classification, the number 

off segments to be reconstructed is determined and then the modeling jig is assembled {23). 

Takingg the midline into account, segment lengths are chosen and then fixed. The native 
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formm is thus copied onto the jig and the process of converting it into a neomandible 

cann begin. If necessary, the jig can be checked by comparing it with the resected 

specimen,, a 1:1 transverse plane CT image and/or a lateral radiograph of the skull. The 

dataa can then be transferred to the osteotomy jig. The fibula is positioned in the jig in 

suchh a way as to ensure that the osteotomy sites are located in an optimal position in 

relationn to the vascular pedicle, to the septocutaneous perforators and to any dental 

implants.. Keeping dental implants in mind, the buccal aspect of the frontal segment 

cann be tilted backwards by tilting the fibula in the saw template before fixing it with K-

wiress (13). 

Dependingg on the size of the fixation material, implants can generally be placed immediately. 

Osteotomiess can be carried out using an oscillating or reciprocating saw. Following fixation 

off the bone segments and ligation of the vascular pedicle, the neomandible can be attached 

too the existing mandibular segments. Alterations to angles and bone length are not necessary. 

Thee accuracy of the direction of the saw cuts ensu res optimal bone surface contact between 

thee segments.This gives good interfragmentary bone surface support, which is advantageous 

forr osteosynthesis stability. 

Thee resulting shape of the neomandible has an angular aspect and the system does not take 

thee limited lateral inclination of the ramus into account. Deviations in the contour of the 

neomandiblee only partially determine the final shape of the contour of the face. The thickness 

off the remaining soft tissue, the effects of radiotherapy and the mass of the muscle that 

accompaniess the fibula transplant all contribute towards the final result {24) 

Wee carried out 24 reconstructions using this system both in cadaver models and in clinical 

practicee with good results. In all fourteen patients on whom this procedure was carried out, 

thee modeling and osteotomy jig system functioned well. The osteotomies needed no 

modificationn and the resulting contour fulfilled expectations. Ten cadaver reconstructions 

weree carried out in an experimental setting whereby we looked particularly at the 

reproducibilityy of the reconstruction. These data will be published at a later date. 
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