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Abstract

Objective To report a simple and novel method for intra-operative planning of fibula free flap reconstruction by means of
a balsa wood (BW) model.

Study design Retrospective chart review.

Methods Between 2010 and 2015, 29 patients underwent mandibular reconstruction by a BW osteotomy design in which a
single BW beam (US$4) is cut into segments to match the plate. The segments are then assembled together in a three-dimen-
sional (3D) fashion to conform to the contour of the defect and the angles of attachment. Osteotomies are then performed
according to the BW segment lengths and angles. Outcomes were retrospectively analyzed for number of procedures, opera-
tive times, and complications between the balsa wood method and more standard techniques, e.g., conventional 3D models.
Results The length of the average mandibular defect was 9.62 cm (4-19), and the mean number of fibula segments was
2.03+£0.92 (range 1-4). Only one case (3.4%) necessitated revision surgery. Three patients (10.3%) had minor complica-
tions. Comparison of the results of the 13 patients reconstructed solely by BW to the 16 reconstructed by both BW and a
3D-printed model revealed that the use of BW alone did not significantly alter the average number of segments [2.31 (BW)
vs 1.69 (combined); P=0.07] or ischemia time (173 min vs 171 min, respectively, P=0.938).

Conclusion The use of balsa wood as a model for intra-operative planning of fibula free flap osteotomies is an effective,
inexpensive, and safe technique.
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Introduction

Fibula free flaps (FFF) are almost universally the first choice
for mandibular bony reconstruction in patients with benign
as well as malignant disease [1]. One of the most important
aspects of composite mandibular defect reconstruction by
means of FFF is the flexibility that is made possible by a reli-
able periosteal blood supply after osteotomy [2]. However,
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bone vascularization is compromised when there are mul-
tiple osteotomies, and, as such, the number of osteotomies
should be kept to a minimum to preserve reliable segmental
periosteal circulation [3, 4]. Towards this end, accurate plan-
ning is crucial for limiting the need for repeat intra-operative
osteotomies.

Preoperative virtual surgical planning has refined man-
dible reconstruction with FFF through the introduction of
patient-specific models, pre-bent plates, and osteotomy
guides, decreasing both operative time and accuracy [5].
Unfortunately, this technique is still unaffordable and not
feasible in many centers worldwide.

As a naturally occurring porous bio-composite, balsa
wood (BW) offers salient mechanical and physical proper-
ties that have long been used in flying plane models [6].
Its cellular/porous microstructure enables its application in
large deformations, and the fine composite nano-architecture
of the wood cell material increases its specific strength and
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stiffness, producing a high specific energy dissipation capac-
ity [7]. This easy-to-cut yet rigid material can imitate bone
qualities.

We assessed the feasibility and ease of applying BW to
create an intra-operative template for guiding FFF osteoto-
mies. The aim of the current study is to objectively quantify
the advantages of intra-operative use of BW as a mockup
for a neo-mandible. In this study, BW has been used as a
template for mandibular osteotomies prior to actual bone
cuts. We hypothesized that this model will aid in planning
osteotomies without increasing overall operative times.

Materials and methods
Study design and setting

After acquiring approval from the institutional review board
(TLV-0254-16), we performed a retrospective chart review
of all patients who underwent BW-assisted FFF mandible
reconstruction at our institution. Patient, disease, and proce-
dure-specific variables were recorded and analyzed.

BW beams are highly accessible for purchase and are
found in numerous sizes that are usually a function of thick-
ness (measured in millimetres), width and length, with
an average price of US$3—4 for a single beam, depend-
ing on beam size. The BW beam size usually corresponds
to an average fibula cross-sectional area of 75 + 14 mm?
(mean =+ standard deviation) [8], so that an 8 X 8 mm or
a 9 X 9 mm (square profile) beam is usually the matching
caliber. One beam is more than enough for a single proce-
dure, and it is disposed of at the end of the operation. BW
has the advantage of not requiring radio opaque marking
and a surgical count, since it is processed on a side table.
The BW segments are measured and cut ex-vivo and then
attached to the recon plate. After achieving satisfactory
alignment with the plate, the beams are finally replaced by
the FFF segments. Preoperatively, the BW beam is steri-
lized by autoclaving at 121 °C for 20 min, as previously
demonstrated in other types of wood [9]. After the mandibu-
lar resection has been carried out, the FFF is harvested and
reconstructed in the following steps [10].

Pre-plating

Our operative technique involves the use of a standard
2.4 mm recon plate applied to the external surface of the
mandible after it has been bent or modified as needed in
cases for which a pre-bent plate is used to fit the resected
segment. We use at least two and preferably three extra screw
holes on each side of the resected segment. The mandibular
resection is then completed after removal of the plate.
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Fig. 1 Three-dimensional assembly of BW
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Fig. 2 Fixation of the BW to recon plate

Template modeling

In this step (performed on a side table) a single beam of
BW with roughly the same dimensions as the fibula is
cut to fit the length of the resected fibular segment. The
beam is then cut into separate segments to match the plate,
with segments at least 1.5-2 cm in length to maintain the
vascularity of each segment (as previously discussed else-
where) [11]. The segments are then assembled together
in a three-dimensional (3D) fashion to conform both to
the contour of the defect and to the angles of attachment
(Fig. 1). The BW segments are temporarily assembled
together and fixed to the plate by means of operative nee-
dles to simulate the new mandible at the site of the defect
(Fig. 2). After achieving satisfactory alignment, the seg-
ments are numbered on the superior part and marked with
Xs or dots on the anterior aspect (through the screw holes)
to denote the exact position of each segment (Fig. 3). At
this point, the BW segments are disassembled and osteoto-
mies are performed on the side table according to the BW
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Fig.3 Numbering of the BW segments

Fig.4 Osteotomies on a side table corresponding to the BW seg-
ments’ lengths and angles

segments’ lengths and angles (Fig. 4). The bone segments
are assembled to the plate, mimicking the angles between
the segments in all three axes and attached to the plate by
means of screws. The plate with the FFF is now fixed in
place and the microsurgical anastomoses are completed
(Fig. 5).

Results

Between 2010 and 2015, 29 patients underwent mandibular
reconstruction using the described BW technique. The aver-
age age of the patients was 52.5+ 14.6 (range 5-73), the aver-
age length of the mandibular defect was 9.62 cm (4-19), and
the mean + standard deviation number of fibula segments was
2.03 +£0.92 (range 1-4). Preoperative computer-aided 3D

Fig.6 Post-operative panoramic imaging

planning and printing using extrapolations from the nonin-
volved side in addition to the BW were performed in 16 of
the patients. Comparison of the results of the 13 patients that
were reconstructed solely with the aid of BW to the 16 that
were reconstructed with both BW and the 3D model revealed
that the use of BW alone did not significantly alter the aver-
age number of segments [2.31 (BW) vs 1.69 (combined);
P=0.07] or ischemia time [173 min vs 171 min, respectively,
P=0.938). Twenty-eight of the 29 (96.5%) flaps survived, and
all osteotomy sites achieved solid bone union. There were no
major complications, and the minor complications were fis-
tula formation (n=2; 6.9%) and fixation failure (n=1; 3.4%).
All 29 patients regained good function of the mandible with-
out structural deformity or joint pain. Postoperative imaging
studies demonstrated excellent precision and accuracy of flap
positioning (Fig. 6).

Discussion
Conversion of a straight fibula bone flap into a parabolic

mandible shape can be performed by means of various
techniques, ranging from the use of the basic paper ruler
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cut to simulate the various segments through customized
acrylic templates made from a 1:1 mandible computed
tomography scan and pre-fabricated cutting guides [12].
One of the main disadvantages of using the paper ruler
is the inability to create a 3D model that will allow the
reconstructing surgeon to understand the complex angles
between the various segments and to accurately simulate
the rigid segments for precise alignment with the plate.

Previous studies conducted on customized acrylic tem-
plates have demonstrated that although osteotomy angles
vary minimally (3—5%) during actual surgery, bone segment
lengths can vary from 10 to 15%, thus suggesting that intra-
operative modifications will be encountered even with the
most advanced and accurate technology [12]. One classic
scenario that changes the surgical plan is when the ablative
surgeon decides to modify the resection margins due to dis-
ease advancement, positive margins, and/or intra-operative
considerations. Any deviations made from the original sur-
gical plan (more commonly encountered in malignancies)
may necessitate modification of the pre-bent plate and, con-
sequently, the intended cutting guide. Another drawback
of virtual surgical planning is the increased time required
to plan the reconstruction and create the models, possibly
resulting in an undesirable delay in performing the surgery.
Previous studies have shown that these efforts are worth-
while because of the improvements in reconstructive accu-
racy and surgical efficiency that result from the elimination
of trial and error in bone flap-shaping [13]. In this study, the
perioperative and long-term outcomes were equivalent for
both of our study groups, notably, recipient-site infection,
partial and total flap loss, and rate of soft-tissue and bony
tissue revisions. The advantages of the BW model do not
embody increased costs nor do they delay surgery.

On the same note, a recent published cost analysis has
showed that when calculated as overall operating room and
equipment costs, the use of preoperative surgical planning
and intra-operative guides (including an acrylic model of the
mandible), a preoperative planning session, and osteotomy
guides resulted in reduced overall expenses compared to not
using them [14]. However, based on data that revealed a very
high price tag for this technology (US$8200), it can safely
be assumed that the economic drawback will prevent the
widespread use of this expensive highly accurate technology,
especially if these aids are not covered by patients’ health
plans and in countries where this technology is unavailable.

The BW model allows for precise contouring of the
FFF. Since the classic maneuver of fitting the FFF to the
plate has not yet became obsolete, the use of BW may
significantly assist the reconstructing surgeon in adhering
to the famous cliché of “measure twice, cut once”. It is
especially valuable to the novice micro-surgeon who can
plan the osteotomies while the fibula flap is still vascular-
ized. Hence, the BW may assist in preventing redundant
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osteotomies and extended ischemia time. As mentioned
before, this method is also practical in the event of major
changes in the surgical plan that may have prevented
the use of pre-fabricated cutting guides. Since the BW
model is easily used and intuitively incorporated, this
tool is a great addition to the reconstructing surgeon’s
armamentarium.

Conclusion

The use of balsa wood as a model for intra-operative plan-
ning of fibula free flap osteotomies is an effective, inexpen-
sive, and safe technique.
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