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Modelingg a fibula transplant in mandibular reconstructions 

Introduction n 
Sincee its introduction by Hidalgo, the reconstruction of the mandible after partial or subtotal 

resectionn by means of a free vascularized osteocutaneous fibula flap has become the most 

popularr method of carrying out this procedure. The fibula has sufficient length and volume to 

enablee the placement of implants. Due to the length of the vascular pedicle and its normally 

favorablee position in relation to the neck vessels, revascularization generally does not present 

anyy problem. Much has been published in support of the usefulness of this type of flap. 

Thee contour of the lower edge of the mandible is parabolic in form. In order to recreate this 

formm after resection, the fibula has to be partitioned into segments using a closed wedge 

osteotomyy technique. The problems posed by the siting and angles of these osteotomies 

havee produced many different answers over the years. The treatment of preference is to 

limitt the number of osteotomies so that segmental periosteal circulation is not compromised 

andd also to keep operating time to a minimum (1). The limited number of osteotomies creates 

ann angular contour. The projection and width of the chin play a important part in the final 

cosmeticc result. The aim of this study is to establish the degree to which over-or undercorrection 

willl occur. In our study, a subtotal reconstruction including both the vertical parts of the 

mandiblee (ramus to ramus) was taken as the norm (R (ramus)-B (body of corpus)-S (symphysis)-

B-RR according to the classification of segmental bony defects by Urken ett al. (2)). 

Thee maximum number of bony segments was taken as five (this corresponds with the number 

off segments in Urken's classification) and the number of osteotomies was four. The results 

off this study were used to develop a modeling and osteotomy jig system. This enables the 

fibulaa to be modeled in a one-stage procedure whilst the vascular pedicle is still attached to 

thee leg. This limits ischemia time and gives the contour a more accurate shape. 

Materialss and methods 
Thee study was carried out using 30 preserved jaws, half of which were edentulous. The 

jawss were supplied by the department of Anatomy and Embryology of the Academic Medical 

Center,, Amsterdam, The Netherlands. No data were available concerning age or gender. 

Firstt the jaw is placed on a cardboard. The cardboard is then folded in such a way that the 

bodyy and symphysis of the jaw rest on its base and the posterior aspect of the ramus is 

positionedd against the upright part (Fig. 1). 
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Chapterr 2 

Fig.. 1. The mandible with the projection of the contour traced 
ontoo the folded cardboard. Point R* is marked on the upright 
piecee of cardboard. 

Thee contour of the jaw is copied onto tracing paper. The angle made by folding the cardboard, 

anglee B (the mandibular angle), is recorded. The point at which the contour of the mandible 

intersectss the fold line of the cardboard is known as point G*. This is a projection of the 

gonion. . 

AA line is drawn from the foramen mandibulare/lingula at a right angle to the upright piece 

off cardboard. The point at which this line intersects the cardboard is called point R*. The 

distancee between this intersection and point G* is called Lr. This distance generally 

correspondss with half the length of the ramus. If less than half of the ramus remains then the 

fixationn of the neomandible to the slump of the ramus will be very laborious. Hidalgo sees 

thiss as an indication for total resection and the replacement of the condyles as a free transplant 

(3,4).. The piece of cardboard with the jaw contour line is now flattened out and the contour 

partitionedd into five sections (Fig. 2). 

AA perpendicular line is drawn to the chin half way along the Lg line that connects both G* 

points.. This is the center line of the circumference of the jaw. Point C lies at the point where 

thee center line crosses the contour of the jaw. From point C a series of displacements d of 

respectivelyy 10, 7.5,5.0,2.5,1.5 and 1.0 mm, is introduced along the center line towards 

thee Lg line. Displacement lines Ld are drawn at right angles to the center line. The points at 

whichh these lines intersect the jaw are known as S. The Ls line which connects the S points 

off one displacement line is the width of the chin in this displacement. The Lb line through 

thee body begins at point G* and runs in the direction of the chin. The point at which an Lb 
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S.y y 

Fig.. 2. The contour of the mandible partitioned into five straight 
sectionss with the corresponding lengths projected onto it. See 
textt for definition of symbols. 

linee intersects a displacement l ine is point V. Due to the cut t ing off of the curvature in the 

originall jaw out l ine the lateral side of the body wi l l become narrower (over distance Ub) 

andd the chin wider over distance Us (this is the distance between S and V of a displacement 

line).. In order to fo l low the original contour of the jaw as accurately as possible both these 

anomaliess must be min imized. This can be achieved by making the size of the max imum 

narrowingg of the body equal to that of the max imum w iden ing of the ch in, Ub = Us. This 

sizee is dependent on the displacement d in the chin area. 

Llatt is the distance between the Lg lines and the tangent l ine at po int C. 

Usingg this method, the contour lines of 30 jaws were transferred onto tracing paper using a 

cardboardd template. Points R* G * and C and the center lines were established. The lengths 

off Lg, L rand Llat were measured as wel l as angle B. Displacement lines Ld 10, Ld 7.5, Ld 

5.0,, Ld2.5, Ld 1.5 and Ld l .0 were d rawn so tha t the Ls lengths cou ld be measured by the 

respectivee displacements. In each displacement an Lb l ine is d rawn taking care that Ub = 

Us.. The ideal approach to the contour of the jaw is when the total displacement (Ub + Us 

++ d) is kept to a m i n i m u m . 

Soo the value of SU b . d + U w ) + d (d = 1.0, 1.5, 2.5, 5.0, 7.5 and 10) is m in im ized . 

Soo far, only the contour of the jaw has been examined. However, w h e n de termin ing the 

lengthh of the exterior of the bony part of the symphysis, its internal dimensions must also be 

takenn into account. They shou ld not be too small as this can compromise c i rcu lat ion. A 

m in imumm length of 15 m m (5) is ideal. 
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Thee internal length Lsi depends very much on the thickness of the fibula being used. The 

calculationn is based on a fibula thickness of 14 mm. This differs from the dimensions used 

inn other studies, but in our work with mandibular reconstructions and cadaver jaws, we 

frequentlyy encountered values of 12 to 15 mm (6,7). In order to calculate the length of the 

interiorr Lsi the following parameters must be known (Fig. 3). 

DD -

Fig.. 3. Calculating the dimensions of the interior 
engthh (Lsi) of the chin. See text for definition of 
symbols. . 

aa = The chin angle i.e., the angle formed by the Lb line and the Y-axis 

BB = Total chin width (Ls + 2Us) 

MM =The length of bone lost during preparation of osteotomies 

DD = Fibula thickness 

(Lg)) fLs 

aa =arctan-

H-US S 

Llall - d 

Lsii = B - 2M 

0)) = 
) ) 

MM = D tan o> 

Lsii = (Ls + 2Us)-2 Dtan 
90  - q 

2 2 
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Thee same is true of the segments of bone destined to form the ramus. Here also, the length 

off the internal (Lri) must not be too short. A m i n i m u m bone lengthof 15 m m must also be 

aimedd for, al though in this part of the jaw it is possible to carry out a slighter larger resection 

inn order to place a larger part of the fibula. 

Thee angle that the ramus makes with the base (XY) is not included in this calculation. However 

pointt R* is placed within the contour of the jaw. Therefore angle B is not correct and has to be 

re-calculatedd (= y) in every displacement as does accompanying angle a (Fig. 4). 

Fig.. 4. Calculating the angle (y) that the line segment 
representingg the ramus, makes with the horizontal part of 
thee cardboard. See text lor definition of symbols. 

coss a 

HH = J tan p 

ann y = 
H H 

tanyy = 

N N 

JJ tan p 

tann y = tan p cos a 

yy = arctan (tan p cos a) 
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\-\-

Fig.. 5. Calculating the internal length of the ramus 
(Lri).. See text for definition of symbols. 

Inn orderto calculate the internal length Lri, the following parameters must be known (Fig. 5) 

Lrr = the measured height of point R* 

DD = the thickness of the fibula 

TT = the amount of bone lost while preparing an osteotomy 

(pp =y/2 

Lrii = l_r-T 

T T 
tann 9 = 

D D 

TT = Dtan(p 

Lrii = Lr- Dtanq> 
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Results s 
Thee average values of the 30 measurements of Lg, Lr and Llat are reproduced in Table 1 

Thee averages of U (U = U b = Us) in the various displacements are inc luded in this. It is 

possiblee to calculate the total displacement values (TD) f rom the latter values. 

Tablee 1. The mean, min and max values of the measurements of Lg, Llat, Lr, p and Ud (d = 10.0, 7.5, 
etc.)) The Total Displacement is calculated (TD = Ub + Us + d). See text for definition of symbols. All 
measurementss are in millimeters. 

mean n 

min n 

max x 

TD D 

Lg g 

97.8 8 

84.0 0 

112.0 0 

Llat t 

74.2 2 

58.0 0 

88.0 0 

Lr r 

27.5 5 

20.5 5 

36.0 0 

P P 

58.0

47.0

69.0

U10.0 0 

4.1 1 

2.0 0 

6.0 0 

18.2 2 

UU 7.5 

4.5 5 

2.5 5 

6.0 0 

16.5 5 

UU 5.0 

5.1 1 

2.5 5 

7.0 0 

15.2 2 

UU 2.5 

5.8 8 

3.3 3 

8.0 0 

14.1 1 

UU 1.5 

6.3 3 

4.5 5 

8.0 0 

14.1 1 

UU 1.0 

6.6 6 

5.0 0 

8.5 5 

14.2 2 

Thee min imal T D is 14.1 in d isp lacements of 1.5 and 2.5. These values deviate the least 

f romm the actual jaw contour . The average value of U = 2.5 is however smaller than that of 

UU = 1.5. Based on these grounds the former is the value of preference. 

Thee measured actual dimensions of the externa! w id th of the chin (Ls) and the constructed 

externall w id ths B (B = Ls + 2Us) are given in Table 2. 

Tablee 2. The mean, min and max of the measured values of Ls: the distance between the points "S" 
onn a displacement line B is the total width of the chin (B = Ls + 2 U).The internal width of the chin 
Lsii is calculated based on a fibula thickness of 14 mm. The 95% confidence interval is placed in 
parentheses.. The displacements of 10 and 5 mm are omitted. All measurements are in millimeters. 

Lss 5.0 Ls 2.5 

mean(95%CI)) 29.8 23.4 

(28.3-313)) (21.6-25.0) 

minn 25.0 18.5 

maxx 35.0 29.5 

Lss 1.5 Ls 1.0 B 5.0 B 2.5 B 1.5 B 1.0 

20.44 17.7 40.1 40.1 33.0 30.9 

(18.3-22.4)) (15.6-19.8) (38.3-42.0) (32.8-36.8) (30.8-35.1) (28.9-33.5) 

15.55 13.0 35.0 29.5 27.0 25.0 

27.55 26.0 47.0 44.0 40.5 40.0 
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Thee calculated internal dimensions of the symphysis segment (Lsi) based on a fibula thickness 

off 14 mm are summarized in Table 3. This value is the most crucial of all the measurements. 

Iff the internal dimensions are too small then in all probabi l i ty the circulation to this area of 

bonee wi l l be moderate to poor. 

Tablee 3. The mean, min and max of the calculated values of Lsi (calculations are based on a fibula 
thicknesss off 14 mm). The 95% confidence interval is placed in parentheses. The displacements of 10 and 
55 mm are omitted. All measurements are in millimeters. 

meann (95% CI) 

min n 

max x 

Lsii 5.0 

21.5(19.8-23.1) ) 

17.1 1 

29.1 1 

Lsii 2.5 

16.4(15.5-18.2) ) 

11.9 9 

24.8 8 

Lsii 1.5 

14.8(12.8-16.7) ) 

9.9 9 

23.0 0 

Lsii 1.0 

13.2(11.0-15.4} } 

8.1 1 

22.5 5 

Inn this case also, the average Lsi values in d isplacements of 1.5 and 2.5 respectively, are 

approximatelyy 15 m m . The accompanying external measurements are 33.0 and 35.0 m m . 

However ,, based on the 95% conf idence interval values there is a preference for a 

d isplacementt of 2.5 m m . 

Ass a displacement of 2.5 m m gives a good reconstruction and a safe internal measurement, 

thee rest of the calculat ions of the internal length of the ramus Lri are based on this 

displacementt (Table4). 

Tablee 4. The mean, min and max of the measured values of Lb and Lr for a displacement of 2.5 mm. The 
internall width of the ramus segment (Lri) is calculated, using the calculated angles a and Y assuming the 
widthh of the fibula is 14 mm. 

mean n 

min n 

max x 

Lbb 2.5 

78.3 3 

61.6 6 

90.1 1 

Lr2.5 5 

27.5 5 

20.5 5 

36.0 0 

aa 2.5 

23.5

18.1

28.7

y2.5 5 

52.2

44.0

67.2

Lrii 2.5 

20.6 6 

13.2 2 

26.6 6 
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Discussionn and Conclusion 
Reconstructionn of the mandible using a free vascularized osteocutaneous fibula flap has 

becomee routine procedure in many centers. However modeling the fibula intoaneomandible 

remainss problematic There are many different aspects that must be taken into account: the 

dimensionss of the defect, the point of attachment of the vascular pedicle, the number of 

osteotomies,, position and angle of the osteotomies, fixation of the transplant etc. etc. All 

thesee questions have been discussed in a number of publications that try to solve this 3-D 

puzzlee (8, 9, 10, 11, 12). 

Itt has been shown that the multiple osteotomies and therefore small bone segments such as 

propagatedd by Hidalgo (13,14) carry a high risk of resulting necrosis of the bone (15,16, 

17).. This occurs despite the profuse segmental circulation in the middle and distal fibula (5, 

18,19).. Careful planning of the reconstruction is required beginning by establishing the 

minimumm lengths of bone that can safely be used without the danger of devascularization. 

Bahr'ss study has shown that these lengths should be at least 1 cm and preferably longer 

thann 1.5 cm (5). This is particularly pertinent to the medial and posterior surface of the 

fibula,, which is generally used to form the internal aspect of the neomandibïe. The majority 

off segmental vessels are localized in the periostium here (18). 

Thee reconstruction of the chin is particularly important from a cosmetic point of view. In an 

anteriorr or complete reconstruction the smallest bone segment is positioned here. The 

minimumm internal width of the symphysis segment and the thickness of the fibula dictate 

thee width of the chin. When a minimal loss of projection of the chin is desired, the resulting 

overprejectionn in the area of the canines must be accepted. An exlra osteotomy in the body 

segmentt as propagated by Hildalgo, will result in an overcorrection in this area (3,13). If it 

iss decided that the total number of osteotomies must be kept as low as possible (in a total 

reconstruction)) then the other osteotomies will be positioned at the angle of the jaw. This 

bringss the number of bone segments to 5 and the number of osteotomies to 4. 

Thiss might appear to be an unfavorable starting point in relation to reconstructing the 

parabolicc shape of the mandible In this study we have been able to showw that with only a 

veryy limited loss of chin projection (2.5 mm) it is possible to achieve a reasonable chin 

widthh (average of 35.0 mm). The loss of lateral projection is minimal (5.8 mm) but the 

averagee internal width of the bone segment in the area of the symphysis is, at 16.4 mm, 

largerr than the minimum desired length of 15 mm. 

Deviationss in the contour of the neomandible only partially determine the final shape of 

thee contour of the face. The thickness of the remaining soft tissue, the effects of radiotherapy 
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andd the mass of the muscle that accompanies the fibula transplant all contribute towards 

thee final result (20). 

Inn this study the thickness of the fibula was set at 14 mm. This figure is based on our own 

clinicall experience. In literature the mean fibular thickness varies from 10 to 17 mm (6,7). 

Iff the thickness of the fibula is taken as 10 mm then this will result in a reduction in chin 

widthh without compromising internal dimensions. 

Thee majority of reconstructions are for partial defects. The tangent lines therefore have to 

spann a smaller area, causing the divergence from the original contour of the jaw to be more 

limited. . 

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

cann be achieved with a limited number of osteotomies. The bone length of the symphysis 

sectionn remains within safe limits. If the defect is of limited dimensions then the resulting 

jaww contour is even more accurate. 

AA modeling and osteotomy jig system was developed based on these data, in which a fibula 

stilll attached to the leg by its vascular pedicle can be modeled in a single stage procedure. 
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Discussionn by David A. Hidalgo, 
Modelingg a Fibula Transplant in Mandibular Reconstructions: Evaluation of the Effects of a 

Minimall Number of Osteotomies on the Contour of the Jaw. 

Simonn D. Strackee, Frans H. M. Kroon, Joris E. N. Jaspers, and Kurt E. Bos. 

Whereass there are very few reports on the topic of mandible reconstruction that carefully 

scrutinizee functional outcomes, there are virtually none that analyze aesthetic issues. This 

presentationn is significant in that it seeks to establish a scientific method that will contribute 

too an accurate restoration of lower facial aesthetics, an endeavor that represents at least half 

off the goal in mandible reconstruction. 

Thee authors present a logical but complex method of defining the various architectural 

elementss that constitute individual mandible shape. The bone is depicted as a series of 

intersectingg lines that are drawn on one plane by unfolding the angle of the mandible so 

thatt the ramus lies flat, parallel to the inferior border of the mandible. They describe the 

relationshipp of these lines to one another and how mandible shape is affected by changing 

thee angle and lengths of the lines. They derive from this a mathematical model that describes 

inn precise terms the amount of shape distortion that results when attempting to minimize 

thee total number of osteotomies to maximally preserve fibula blood supply. 

Itt is a worthy exercise to carefully study the authors' analysis of the spatial relationships 

betweenn the various components of the mandible, as well as their relations regarding shape 

derivedd from mathematical analysis. The math itself may be beyond the interest (and 

comprehension)) of most readers, but the conclusions support what becomes intuitively 

obviouss when the results are translated into words. 

Understandingg thecause-and-effect relationship between the number of graft osteotomies 

andd their location is essential for accurately recreating mandibularcontour. 

Onee of the goals of this study is to limit the number of osteotomies necessary, to preserve 

bloodd supply. The authors state that small bone segments carry a high risk of necrosis and 

stipulatee that segments should not be less than 15 mm in length. They also advocate that 

osteotomyy design avoids the possibility of short internal dimensions of anterior segments 

thatt could result from closed wedge osteotomies. Furthermore, they note that variability in 

individuall fibula thickness may be a contributing factor in vascular compromise. 

Personall experience in several hundred fibula free flap mandible reconstructions have not 

supportedd some of these notions regarding possible jeopardy to flap blood supply. There 
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hass not been a single patient in whom there was a segmental loss of bone. This included 

manyy with very short segments in the region between the midbody and canine, as well as 

piee shaped segments of 1 cm interposed at the angle to create a gentle curve in those 

individualss requiring it. Perhaps very small segments rigidly fixed between longer well-

vascularizedd adjacent segments routinely survive even if their own blood supply is tenuous. 

Inn any event, recent 10-year follow-up of patients at Memorial Sloan-Kettering Cancer Center 

showedd all segments of mandible grafts to be uniform in thickness and consistency regardless 

off individual segment length. There were no instances of segmental bone necrosis. 

Properr technique is critical for preserving the viability of small bone segments. Flap dissection 

mustt preserve a cuff of periosteum circumferentially, and the periosteum should never be 

dissectedd away at the osteotomy sites before using the saw. 

Thee authors seek to avoid an osteotomy in the body segment to minimize the total number 

off osteotomies required fora subtotal mandible reconstruction, itself a remote clinical entity. 

Althoughh their model results in the fewest number of osteotomies that minimize shape 

compromise,, they acknowledge that most clinical problems involve shorter defects. This 

realityy obviates concern for restricting total osteotomy number in the majority of cases. 

Inn addition to avoiding the creation of smaller segments, they advocate fewer osteotomies 

too minimize operating time. The time devoted to shaping and fixing a mandible graft is 

usuallyy not much more than 1 hour. This is one of the most critical parts of the procedure in 

termss of the final aesthetic result, and it is time well spent. Elimination of one osteotomy for 

aa minimal time-saving comes at the cost of precision in shaping, and is not a worthwhile 

exchange.. Furthermore, a midbody osteotomy eliminates theirtheoretical concern forcreating 

aa narrow internal dimension of anterior segments because it distributes segment angulation 

overr more osteotomy sites. Additionally, the most accurate reproduction of the mandible 

curvee (i.e. more osteotomies) ensures correct alignment between the maxillary and 

mandibularr arch for those patients who qualify for osseointegrated implant placement, 

Thee authors determine the length of the central segment of an anterior reconstruction on 

thee basis of their model that avoids a midbody osteotomy. An alternate approach that has 

provenn successful over many years is to start with a 2-cm anterior segment and attach the 

bodyy segments at the appropriate angles on each of its ends. This length anterior segment 

minimizess loss of projection and establishes adequate chin width in almost all patients. 

Usingg a midbody osteotomy during this process both prevents the possibility of shape 

distortionn that the authors are concerned about and results in a more true reproduction of 

nativee mandible shape. 

Shapingg of mandible grafts is an artistic process that will remain partially intuitive despite 
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at temptss to more r igidly def ine the process scienti f ical ly. Simple adjuncts such as two 

dimensionall templates derived f rom radiologic studies and measurements taken f rom the 

surgicall specimen generally prov ide enough data to ensure shaping accuracy. I am sure 

thatt the authors agree that although their model offers additional guidelines forgraft shaping, 

itt w o u l d not overcome a lack of intu i t ive sculptural apt i tude on the part of the surgeon. 

Moreover ,, this report does not engage the top ic of precision in graft insett ing, a process 

fraughtt w i th an equal opportuni ty to cause shape distort ion. 

Thee authors are to be commended for their unique insights and their focus on the aesthetic 

nuancess of mandible reconstruction in this report. This presentation is stimulating and, it is 

hoped,, wi l l encourage others to more ful ly appreciate this underemphasized but critical 

aspectt of mandible reconstruction (1-3). 
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