
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Mandibular reconstruction revisited; on modeling and fixation techniques of the
fibular free flap

Strackee, S.D.

Publication date
2004

Link to publication

Citation for published version (APA):
Strackee, S. D. (2004). Mandibular reconstruction revisited; on modeling and fixation
techniques of the fibular free flap. [Thesis, fully external, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/mandibular-reconstruction-revisited-on-modeling-and-fixation-techniques-of-the-fibular-free-flap(1602097b-69e5-4ca9-8e17-4169989e4fff).html


C h a p t e r r 

Mandibularr reconstruction with a modeling 
andd osteotomy jig system: A three-dimensional 
Computedd Tomography evaluation in cadaver 
models s 

Simonn D. Strackee u 

M.vann Straten4 

Franss H.M. Kroon 2'3-5 

11 Department of Plastic, Reconstructive and Hand Surgery, Academie Medical Center, 
22 Department of Oral and Maxillofacial Surgery, Academie Medical Center, 

{Antonii van Leeuwenhoek Hospital/ Netherlands Cancer Institute, 
44 Department of Medical Physics, Academic Medical Center, 

'ACTA,, Academic Center Dentistry Amsterdam, University of Amsterdam, 

Thee Netherlands 

Submittedd for publication July 2004 



i i 



3-DD computed tomography evaluation 

Introduction n 
Mandibularr reconstruction using a free vascularized bone flap is no longer unusual. The 

fibulaa has become the most frequently used donor bone for this type of reconstruction. Due to 

itss segmental blood supply, the fibula lends itself to this procedure independently of the size 

orr localization of the defect as it can be modeled by means of one or more closed wedge 

osteotomies.. The number of osteotomies and the size of the segments are however subject to 

limitations.. These limitations cause particular complications especially in the reconstruction 

off the parabolic shaped central part of the mandible. 

Overr the years several articles concerningthe best method of reconstructing the contour of 

thee mandibular have been published {1, 2,3,4,5), Until recently, studies into the results of 

thee restoration of the contour in mandibular reconstruction appeared only sporadically. As far 

ass we know the studies of Schliephakeetal. (6,7) are the only ones in this field. However the 

literaturee shows that restoration of the contour of the jaw is not a foregone conclusion and 

thatt secondary operations are often necessary to recreate an acceptable jaw contou r {8,9). 

Inn an earlier publication we showed that in total lower jaw reconstruction it is possible to 

achievee a good reconstruction off the contour of the lower edge of the original mandible 

usingg 5 bone segments or in the case of reconstruction of the anterior (central) part only 3 

segmentss (10), We based the development of the modeling and osteotomy jig system on 

thiss simplified procedure. The modeling jig enables the complex 3-D contour of the jaw to 

bee registered in a simple fashion and then converted into lengths and angles. This information 

iss then transferred to the osteotomy jig and the necessary fibular osteotomies can be made. 

Thee aim of this cadaver study is to determine the quality of mandibular reconstructions that 

aree carried out using the modeling and osteotomy jig system. To enable this, a standard 

anteriorr mandibular defect was created in eight cadaver heads. In order to evaluate the 

mandiblee reconstruction we introduced a new method. This involved carrying out multislice 

CTT scans of the cadaver heads both before and after reconstruction. Using computer software 

thee images thus obtained were matched and superimposed on one another to enable the 

comparisonn of the 3-D shape of pre- and postreconstruction images of the jaw. 

Materialss and methods 
Thee reconstructions were carried out on eight random cadaver heads. The heads were 

numberedd and scanned using a multislice CT scanner (MxSOOO Quad and CT-Twin, Philips, 

Best,, The Netherlands). The scanned area covered the gleniod fossa to the hyoid bone. 
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Thee approach was made using a midline lip splitting incision. Standard resection of the central 

mandibularr section was carried out, in which on the left and right side body segments of 

unequall length were removed. Prior to resection, the areas of the jaw, which were to remain 

inn situ, were fixed using two Steinmann pins placed parallel to each other. The modeling jig 

wass positioned in the defect in such a way that the midline mark corresponded with the 

midlinee of the face. The setup of the modeling jig was checked with the resected section of 

thee mandible. By placing the modeling jig into the osteotomy jig the settings were transferred. 

AA preserved fibula was placed in the jig and two closed wedge osteotomies were created and 

thee neomandible was sawn to length. No corrections of the saw cuts were carried out. 

Thee fibula segments were fixed to the jaw stumps with 0.5 mm 0 stainless steel interosseous 

wires.. After the reconstruction was completed the Steinmann pins were removed and the 

skinn closed with interrupted sutures (Fig. 1 and 2). 

Fig.. 1. Cadaver head before (left) and after (right) the lip splitting midline incision. 

Fig.. 2. Cadaver head after mandibular reconstruction (left) and skin closure (right). In both images the 
Steinmannn pins are visible on the left side of the head. 
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Thee orientation of the cadaver head is different in both CT scans. This means that the scans 

havee to be matched first to enable the comparison of the original to the reconstructed jaw on 

CTT scan. 

Thee matching procedure involves transforming the reconstructed jaw of the second CT scan 

inn such away that the position and orientation correspond to those of the original jaw in the 

firstt CT scan. Transformation entails translation (in three orthogonal directions) and rotation 

(aroundd three orthogonal axes). When determining the degree of similarity between the jaws 

onlyy that part of the original jaw that is visible on the postoperative scan is used. The jawsare 

firstt registered "by hand" by marking the condyles and the point of the chin in both scans. 

Determinationn of the exact translations and rotations then occurs automatically. Details of the 

techniquess used to identify and register the jaw are available in the literature (11). 

Thee reconstructions are presented in two different ways: 

Ass a 3-D volume rendering with a three quarter view in which the original and the 

reconstructedd jaws each have their own color. 

Ass a 2-D axial slice in which the original contour of the jaw is projected over the cross 

sectionn of the reconstructed jaw. The theoretical optima! contour is also drawn onto this 

projection.. To do this we took into account a dorsal shift of the point of the chin of 2.5 mm 

andd a minimum interna! width of the symphysis segment of 15 mm. In every theoretical 

reconstructionn we took the thickness of the fibula used in the reconstruction into account. 

Too determine the correct plane for the slice, the 3-D CT images were positioned in a sagittal 

aspect.. The jaws were positioned in such a way that the most caudal areas of the mandibular 

angless and the body were lying on a horizontal line. The plane in which the axial 

reconstructionn was made is indicated by a horizontal line that runs through the most 

anterocaudall point of the symphysis. 

Results s 
Thee results of the 3-D volume rendering of the eight reconstructed jaws as seen from a three 

quarterr aspect (view) are represented (white). Next to this an axial slice from the same jaw 

iss placed. In this slice the contour of the original mandible (blue) is projected over the 

reconstructedd mandible. The level of the axial slice is marked by a horizontal line on a 

purelyy sagittal projection of the jaw. This level is the same in the reconstructed jaw. 
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Fig.. 3. Cadaver jaw 1. Left panel: Three quarter anterior projection of the original jaw (blue (upper-
left)),, the reconstructed jaw (upper-right) and the original jaw, matched and superimposed jaw 
followingg reconstruction (white (lower-left)). The level of the axial projection represented by a 
horizontall line on the original jaw (lower-right). Right panel: Axial projection of the reconstructed 
jaww onto which is projected the original jaw in blue and the theoretical reconstruction in red . 

Fig.. 4. Cadaver jaw 2 (legend see Fig. 3). 
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Fig.. 5. Cadaver jaw 3 (legend see Fig. 3). 

Fig.. 6. Cadaver jaw 4 (legend see Fig. 3). 

Fig.. 7. Cadaver jaw 5 (legend see Fig. 3). 
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Fig.. 8. Cadaver jaw 6 ( legend see Fig. 3). 

Fig.. 9. Cadaver jaw 7 ( legend see Fig. 3). 

Fig.. 10. Cadaver jaw 8 ( legend see Fig. 3). 
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Inn all jaws the displacement of the remaining parts of the jaw in relation to one another is 

negligible.. This is visible on both the axial and the 3-D images. 

Imagee artifacts caused by the presence of metal in the dentition caused severe interference 

inn the 3-D rendering. For this form of presentation these areas were removed from the CT 

datasett of jaws 3 and 4. 

Thee axial slices show that two reconstructions (jaws 3 and 8) correspond almost completely 

withh the theoretical contour and that four jaws (jaws 2,4, 6 and 7) show a deviation of 3 

mmm or less of loss of projection in the symphyseal area. Of these, jaw number 2 also has a 

losss of projection on the corpus area of around 3 mm making this reconstruction as a whole 

tooo small. One jaw ( jawl) has an overprojection of less than 3 mm on one side of the 

symphysiss segment. The theoretical reconstruction shows however that on this side there is 

aa bone segment with an internal measurement of less than the desired length of 15 mm. 

Jaww number 5 has a loss of projection of 6 mm in the chin area and only a moderately good 

attachmentt to the remaining mandibular stump. On the three quarter 3-D image the contour 

off this new jaw falls completely within that of the original contour. 

Inn 3-D view the remaining jaws show no gross overprojection or underprojection although 

inn jaw 6 the reconstructed section is positioned too caudal. 

Discussion n 
Computedd Tomography is a technique that has been used for many years in reconstruction 

off the mandible. However the way it is applied has changed over the years. Originally it 

wass used to determine the extent to which the bone was affected by tumor growth or by 

osteoradionecrosiss or by the loss of bone following trauma or resection. 

Hidalgoo was one of the first to use an axial CT slice of the mandible for modeling a free 

vascularizedd fibula flap (12). 

Withh the introduction of the possibility to create 3-D images from CTdata and to segment 

themm into individual anatomical structures, it became possible to make 3-D images and 

evenn to make models of the mandible. On such a model it is possible to make an individually 

dimensionedd titanium tray that during operation, could be filled with cancellous bone and 

placedd in the defect (13). Creating a phantom model is also described (14). After sterilization 

thee mode! can be used as a model for making fibula osteotomies. 

Thee use of 3-D CT images to compare postoperative results of mandibular reconstruction 

withh the original jaw is only anecdotal (15). 

Too the best of our knowledge Schliephake et al. are the only ones who attempted to evaluate 

mandibularr reconstruction using CT (5,6). In the group of patients they described there was 
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greatt divergence in the sizes and locations of jaw defects to be reconstructed. Only 

mandibularr images after reconstruction were used. These studies used various axial parallel 

planess to quantify the extent of underprojection and overprejection relative to the midsagittal 

plane.. Also, the contour of the neomandible was evaluated by comparing the operated side 

too the non-operated side in respect of the maxilla. The authors made the assumption that all 

mandiblee and maxilla are symmetrical. 

Thesee methods however limit the measurement of the complex form of the pre- and 

postoperativee mandible to a series of 2-D planes. The values obtained in this manner are of 

limitedd use. A value giving the degree of over- or underprojection of the chin gives no 

informationn about the symmetry of the total reconstruction. The problem therefore with 

comparingg the form before and after reconstruction is that quantifying the defect gives little 

usefull information about the degree of similarity. 

Inn our opinion the ideal method of comparing the form before and after reconstruction is 

thee simultaneous volume rendering of the forms superimposed on one another. To achieve 

thiss it is necessary that the jaws are geometrically optimally matched to compensate for the 

differencess in orientation of the jaws on the CT scans. 

Iff details of the reconstruction are required, then the axial 2-D slice of the matched 

postoperativee jaw with the contour of the original jaw projected onto it, is necessary. 

Thee choice of the location and orientation of the 2-D plane strongly determines the form of 

thee projected mandible in this plane. When this projection is chosen, the method by which 

thee choice is determined should be clearly described. 

Inn our opinion, this form of presentation is of little use in attributing any numerical value to 

thee extent of the differences between the contours before and after resection. 

Thee matching results from the cadaver reconstructions show that the position and the 

orientationn of the condyles and the remainder of the jaw correspond well both before and 

afterr reconstruction. The reconstructed section of the mandible does not cause the remaining 

mandibularr parts to alter position. This is an indication of the accurate reproduction of the 

dimensionss of the section of bone that has been removed. 

Thee 2-D axial slices show that the contour of the mandibular segment reconstructed with 

thee modeling and osteotomy jig system is often slightly smaller than the original contour. 

Thee reason lies in the fact that when the modeling jig is being set, the maximum projection 

off the point of the chin is not being chosen by the surgeon and the osteotomies are positioned 

inn the area between the cuspid and the first premolar. 
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Thee prototype of the modeling and osteotomy jig system is also responsible for this deviation. 

Whenn deciding on dimensions for the jig system, an average fibular width of 14 mm and a 

minimumm internal width of the central segment of 15 mm were chosen. This results in a 

relativelyy wide central segment. In order to avoid a large overp rejection in the region between 

thee cuspid and first premolar, the position of the point of the chin is moved more dorsally. 

Thee theoretical contour achieved by using the modeling and osteotomy jig system shows 

thatt this loss of chin projection can be avoided. However, in a very extensive jaw 

reconstructionn this can mean a loss of projection of the corpus section. In the relatively 

limitedd constructions in our cadaver models in which a part of the corpus section remains 

intact,, this underprojectionwill remain limited. 

Inn the 3-D images it appears that the point of the chin is sometimes positioned too low. By 

placingg the neomandible in downward inclination mouth closure can be restricted by 

impingementt of the coronoid process on to the maxillary tuberosity (16). 

Thiss deviation occurs during operation when the positioning of the neomandible is orientated 

too the local lower edge of the remaining section of the corpus. In some cases the lower edge 

iss concave. When the mandible is sawn at a right angle at this point, then the central 

sectionn of the neomandible will incline too far caudal ly. This can be avoided by projecting 

aa tangential line along the entire length of the lower edge and to make the saw cut at a right 

anglee to this line. This corresponds with the method that we used to determine the plane of 

thee axial projections. 

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

imagess of axial slices containing the original contour of the jaw is the most adequate way to 

determinee the quality of jaw reconstructions, and furthermore that attempts at quantification 

off potential differences have no real contribution to a good understanding of this. 

AA better result may possibly be obtained if the modeling and osteotomy jig system were to 

bee adapted to use a narrower fibula width as its starting point. 

Inn conclusion we would like to point out that Cordeiro's statement in his comment on the 

articlee by Li et al. in Laryngoscope, 1996, that "Standard two-dimensional photographs of 

thee face provide a much better evaluation of the aesthetic result than the three-dimensional 

CTscan"" does not, in our opinion, do justice to the possibilities offered by modern imaging 

analysiss techniques (16). 
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