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Abstract The use of the vascularized fibula graft has
already been established for reconstruction of the mandible
following ablative surgery. In order to reconstruct the
vertical height of the alveolar process and improve implant
position as well as angulation, some therapeutic options are
available, including primary use of the fibula as a double-
barrel graft and vertical distraction as well as later
augmentation with avascular bone grafts. We analyzed the
anatomic and morphologic features in 40 fibula bones of 20
cadavers and provided the mean cortical thickness of
different transplant sites. Furthermore, we investigated the
primary implant stability of dental implants inserted
monocortically in harvested fibula segments using estab-
lished biomechanical methods as well as Periotest®. The
minimal bone height of the clinically relevant segments of
the fibula transplant measured 9.06+0.45 mm, which was
assessed in the most distal part. In contrast, a maximal total
bone height of 15.46+0.78 was observed in the middle
segment of the fibula bone. We assessed sufficient primary
stability in all inserted implants as well as a reliable relative
micro-movement of the implants in the fibula bone. Fibula
graft as a single-barrel graft alone may provide through
monocortical implant insertion a further refinement of the
method to fit complex requirements and shorten prolonged
therapeutic procedures. Monocortical implant insertion in
the fibula graft would simplify oral rehabilitation after
ablative surgery of the jaw and reduce costs as well as
therapy period.
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Introduction

The use of the vascularized fibula graft has already been
established for reconstruction of the mandible following
ablative surgery. The authors have been using this vascularized
bone graft now for more than 15 years and have recently
reported on variations in the reconstructive options using this
graft [1]. One of the crucial advantages of this bone transplant
is the ability to shape in order to fit local anatomical structures
allowing further rehabilitation using dental implants.

Although many studies provided clinical data on the
eligibility of dental rehabilitation using enossal implants in
transplanted fibula bone, some questions were raised during
clinical follow-up of these patients including prosthetic
reconstruction of the vertical height and improving oral
hygiene by assessing suitable soft tissue conditions. In
order to reconstruct the vertical height of the alveolar
process and improve implant position and angulation, three
therapeutic options have recently been introduced: primary
use of the fibula as a double-barrel graft [1], later vertical
distraction osteogenesis [2, 3], and rebuilding prosthesis by
over-dimensioned teeth.

According to our previous experience with the latter option,
we preferred bone-based solutions and therefore tended to use
double-barrel grafts once feasible. In the case of long-distance
defects or simultaneous elevation of a skin paddle, the double-
barrel option loses its practicability due to limited transplant
length or because of the risk of compromising blood supply to
the skin island by kinking of the vascular pedicle.

Distraction osteogenesis may represent a further uncom-
fortable solution because of the anatomic limitation of this
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thin graft with mostly fatty spongious structures as well as
complicated wound healing in mostly irradiated patients. A
more convenient solution may represent an onlay iliac graft,
which has to be fixed and left for healing prior to implant
insertion at a later stage [4].

Monocortical insertion of dental implants in the under-
lying fibular bone may also represent an alternative
approach in cases where anatomic conditions and local
features and shape of the single-barrel fibula transplant do
not allow bicortical insertion. However, the crucial prereq-
uisite for success of this method is sufficient primary
implant stability after monocortical insertion. Therefore, in
order to prove the feasibility of this method, we investigat-
ed the morphological and biomechanical eligibility of the
fibula graft for such a procedure using morphological and
biomechanical approaches.

Material and methods
Anatomic and morphologic investigations

Forty fibula bones were harvested from the fresh cadaver of
10 males and 10 females and fixed on a special template. In
order to perform the morphologic evaluation, a native CT
scan was carried out in the clinically relevant segments of
the fibula bone, excluding the proximal and distal 8 cm
adjacent to the related joints. The first cross-sectional image
derived from the middle of the fibula and three further
proximal and distal sections at a distance of 4 cm were
additionally carried out and evaluated. Scan data were then
obtained digitally, and cross-sectional studies of all fibula
bones were performed in order to measure cortical bone
thickness in the various segments of the potential transplant
(Fig. 1).

In order to facilitate related evaluation of bone thickness
in each fibula segment, a cross-sectional-based allocation of
measurement was introduced as follows taking the vascular
pedicle into consideration and beginning on the most
proximal segment:

1. —60° represents the axis perpendicular to the antero-
medial aspect.

2. 0° represents the line perpendicular to the lateral aspect.

3. +60° represents the posteriomedial aspect of the fibula
bone.

The whole bone thickness was evaluated considering ipsilat-
eral and contralateral dimensions as described in Fig. 1.

Biomechanical study

Twenty enossal implants (NobelBiocare®—Replace Select,
RP 4.3x13 mm TiUnite) were inserted monocortically in
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Fig. 1 Digital scan data of the fibula bone representing and explain-
ing the radiologic evaluation method in the various regions including
cross-sectional studies in order to measure cortical bone thickness

harvested fibula segments. Only the apical part of the
implant was inserted whereas the collar part was always left
exposed as shown below (Fig. 2).

Afterward, implants and fibular bones underwent bio-
mechanical stability tests: Following investigations were
performed, the Periotest® CLASSIC (Gulden e. K. Mod-
autal, Germany). Measurements were carried out three

Fig. 2 Dental implants inserted monocortically in the fibula bone—
here across —60° axis—which was integrated in a universal material
testing machine designed for horizontal biomechanical tests using
standard force of 100 N
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times in each implant according to the recommended
instructions of the manufacturer using standard angulation
by means of a mounting device. Mean values were then
registered and evaluated as follows:

PTV < 0 = primary stability reached,
PTV > 0 = insufficient primary stability of implants.

These fibula segments were then integrated in a
universal material testing machine (Zwick Company,
Ulm, Germany) designed for biomechanical tests as
previously described and underwent evaluation of distor-
tion by horizontal mechanical stress of 200 N/cm?
(Fig. 2) [5]. Briefly, forces were transmitted horizontally
onto the neck of the abutments inserted in the fibula
segments. Linear encoders (resolution 1 pm, MS30-2-LD-
2; MEGATRON Elektronik AG, Putzbrunn, Germany)
were used to measure the forces during compression tests.
The same sensor was used to gain the bending moment
during the four-point bending. All sensor signals were
recorded with a sample rate of 100 Hz by the DIADEM
Software (version 10, National Instruments, Munich,
Germany). All tests were performed three times, without
destruction of the specimen. Normal distribution was
assigned for each configuration, and the Wilcoxon or
Mann—Whitney test was applied. A level of p<0.05 was
considered significant.

Results
Anatomic/morphologic results

The minimal total bone height of the clinically relevant
segments of the fibula transplant measured 9.06+0.45 mm,
which was assessed in the most distal part. In contrast, a
maximal total bone height of 15.46+0.78 was observed in
the middle segment of the fibula bone. Due to the rotation
along the fibula axis beginning at the distal part of the
proximal third, the site of maximal bone height underwent a
wide variation, whereas the middle segment frequently
provided higher osseous volume (Table 1). No significant
gender-related variations in the bone length or thickness
could be assessed in the samples investigated, whereas
body height correlated only with total fibula length.
Taking into consideration that dental implants have to be
encompassed by a minimal bone ridge of 0.5-1 mm
without compromising total bone stability, regular mono-
cortical insertion of standard implants would only be
feasible within the middle third of the fibula. The position
of the vascular pedicle adds a further limiting factor and
leaves in the majority of cases only two feasible positions
for implant insertion, namely the contralateral site at the 0°

level and the ipsilateral one at the —60° level. At these sites,
maximal monocortical thickness ranged from 3.24+0.21 to
3.31+0.10 mm, respectively (Table 1).

Biomechanical results

The following biomechanical results derive from implants
inserted monocortically on the ipsilateral site at the —60°
level in the fibula segments. Evaluation of primary stability
using the Periotest® device resulted in homogenous values
ranging from —3 to —4+1 PTV, indicating sufficient primary
implant stability.

Following application of 100 N/cm® horizontal stress,
absolute implant movement was observed and ranged from
0.113£0.083 to 0.114+0.081 mm according to the bone
quality (Fig. 3). Simultaneously, associated bone movement
of 0.079+0.001 to 0.079+0.001 mm was registered, so
when considering the absolute implant micromotion,
relative micromotion of the monocortically inserted
implants could be calculated. This amounted to 0.024+
0.003 to 0.026+0.002 mm. Complete regain of bone shape
after elimination of applied forces was assessed in all cases
as an indicator of primary biomechanical stability of the
fibula segment after monocortical implant insertion. These
data correlated with PT values mentioned above in regard
to primary implant stability (Table 2).

Discussion

Oral rehabilitation using dental implants in fibula trans-
plants has been frequently used following reconstruction
of the upper and lower jaw and proven to be a reliable
method in such cases [1, 4]. If multilayer reconstruction
in the oral cavity—floor of the mouth or tongue—is
planned, we prefer to harvest an osteocutaneous fibula
transplant from the contralateral side and vice versa once
applicable. This rather facilitates positioning of the skin
island in the oral cavity. Mere bony reconstruction using
an osseous fibula graft would, however, be more indepen-
dent of structural conditions of the neck and therefore
offers more flexibility.

While several anatomical and surgical aspects of
vascularized fibula transplant for orofacial reconstruction
as well as the possibility of implant insertion in this bone
graft have been thoroughly investigated [6, 7], very little is
known about the primary stability of dental implants when
placed monocortically. Until now, we have preferred to
postpone implant insertion till at least 1 year after
radiotherapy in oncologic patients. This has the advantage
to allow operating in a rather recovered soft tissue and
definitively healed fibula bone but also rule out an early
recurrence of tumor. At this stage, we consider either
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Table 1 Mean of cortical as well as total thickness of the fibular bone measured at the three aspects of the triangle shape at each of the seven
evaluated sites from proximal to distal expressed in millimeters

&
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> 5 e ——————
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.; proximal distal

0° ipsilateral

cortical thickness 2.99+0.12 3.01£0.31 | 2.51+0.32 | 3.58+0.38 | 2.39+0.35 | 2.03+0.21 | 2.17£0.19
0° contralateral

cortical thickness 2.86+0.11 2.89+0.28 | 2.51+0.31 | 2.54+0.19 | 2.43+0.18 | 3.24+0.21 | 2.62+0.26
0° total thickness 9.56+0.35 9.64+0.32 | 10.084£0.79 | 10.19+0.66 | 9.75+0.42 | 9.17+0.48 | 9.06+0.45
60° ipsilateral

cortical thickness 2.53+0.22 2.74+0.21 | 2.51£0.35 | 3.84+0.29 | 3.52+0.31 | 3.12+0.36 | 3.43+0.24
60° contralateral

cortical thickness 3.87+0.23 3.4310.26 | 4.49+0.61 | 6.33+0.27 | 4.76+0.34 | 4.15+0.22 | 3.12+0.31
60° total thickness 11.67+0.44 | 12.16+0.92 | 12.95+0.87 | 15.46+0.78 | 14.5440.49 | 13.71£0.51 | 13.97+0.55
—60° ipsilateral

cortical thickness 3.31£0.10 2.73t0.27 | 2.56+0.26 3.19+0.28 2.54+0.19 | 2.03+0.22 | 2.58+0.27
—60° contralateral

cortical thickness 4.21+0.13 3.88+0.54 3.62+0.29 5.12+0.36 4.11+0.23 4.14+0.41 3.82+0.35
—60° total thickness 12.8340.37 | 13.27+0.89 | 13.23+£0.77 | 14.74+0.64 | 13.46+0.51 | 12.51+£0.67 | 11.97+0.48

Italicized data represent clinically relevant sites for implant insertion

bicortical insertion or augmentation with an avascular iliac
crest graft according to bone height available.

In order to decrease the treatment period, monocortical

or simultaneous implant insertion and onlay bone place-

Table 2 Biomechanical data of 20 implants inserted monocortically in clinically relevant sites in harvested fresh fibular bone segments, evaluated
by biomechanical horizontal stress measurements at 100 N as well as Periotest®

Absolute implant
movement (mm)

Absolute bone
movement (mm)

Relative implant movement
in fibula (mm)

Mean
Periotest® value

1st measurement
2nd measurement

3rd measurement

0.114+0.081
0.113£0.083
0.113£0.080

0.088+0.001
0.079+0.001
0.085+0.002

0.025+0.002
0.026+0.002
0.024+0.003

—-3+1 PT
—-3+1 PT
—4+1 PT
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Fig. 3 Mean values of absolute implant movement in fixed fibula
bone segments during application of increasing horizontal force
reaching a maximum of 200 N/cm which is usual to launch orthopedic
implants using the material testing machine. Grafts with poor bone
quality are represented in the green a-curve, fibula segments with
moderate bone quality are shown in the blue b-curve, and fibula bone
with good high quality are given in the red c-curve. Criteria applied
for classifying bone quality derived from the maximal value measured
in relation to the absolute distortion of the fibula segments during
stress loading. Since the poorest bone quality also provided sufficient
stability (at 100 N/cm), this classification is specific to the
experimental setting but has no clinical relevance

ment may hence be applicable if implants inserted mono-
cortically show sufficient primary stability. The clinical
relevance of this approach arises from the potential
application of short implant design to ensure stable
implant-borne rehabilitation in patients with a long-
distance single-barrel fibula graft and reasonably reduced
bone height. Bicortical implant insertion in these critical
cases may attenuate total bone stability and hazard graft
fracture.

The radiomorphologic results presented above indi-
cate that once the vascular pedicle is localized either
caudally or medially toward the oral cavity—represent-
ing the usual clinical situation—only the contralateral
site at the 0° level and the ipsilateral one at the —60°
level are feasible for implant insertion. This requires
special attention to incline or decline one of the two
levels during the reconstruction procedure, since later
implant angulation will play a crucial role in this case.
Further, as seen in Table 1, these two differentially
located implantation plateaus converging at an angle of
more than 90° enable axial rotation of the fibula graft to fit
local anatomic features and simultaneously allow mono-
cortical implant insertion.

Since initial implant stability is considered an important
prerequisite for further osseointegration [8], which corre-
lates significantly with bone quality and implant length as
well as implant features and Periotest value [9], we also
investigated this aspect in harvested fibular bones. As a

parameter of primary implant stability, we used the
Periotest® device, which represents a reliable method with
strong correlation with implant stability and compared
derived data with a further objective biomechanical
investigation using standard equipment and precisely
reproducible forces.

Considering that patients with osseointegrated implants
are lacking periodontal receptors thus having a special type
of masticatory performance of holding and biting forces
ranging from 2 to 30 N [10], the study design chosen here
represents an adequate method by applying horizontal
stress of 100 N/cm”. Although we used only a single
implant system (Replace Select® with TiUnite surface),
comparable results are expected since diameter and implant
length as well as surface features used for this study
strongly correlate with most standard implant designs.
Furthermore, the biomechanical data derived show very
reliable and improved values exceeding corresponding
clinical data for primary stability of dental implants in the
mandible.

In comparable experimental works, criteria of success
for implants inserted in fibula transplants were defined as
follows: absence of pain, absence of peri-implant infection,
absence of mobility, absence of continuous peri-implant
radiolucency, and less than 1.5 peri-implant bone resorption
after 1 year of function [11]. In order to get final clinical
results of this procedure, more patients have to be included
in a clinical study with prolonged follow-up period. This
would allow definitive recommendation of the method.
Until then, this procedure has to be strictly indicated and
kept for patients with a lower risk profile and good
compliance.

Conclusion

Anatomic features of the fibular bone are subject to a wide
range of variation leading to the necessity of changing of
surgical planning in regard to reconstruction and functional
rehabilitation. According to the results presented here,
fibula graft as a single-barrel graft alone may provide
through monocortical implant insertion a further refinement
of the method to fit complex requirements and shorten
prolonged therapeutic procedures.

Acknowledgments The experimental parts of this study were
financially supported by the research grant of Nobel Biocare®,
Sweden. Authors are also grateful to Prof. L. C. Busch from the
Institute of Anatomy at the University of Luebeck and to Dr. W.
Koeller from the Biomechanical Laboratory of the Department of
Orthopedic Surgery, University of Luebeck, Germany for his technical
assistance during biomechanical evaluation.

Conlflict of interest No potential conflicts of interest were disclosed.

@ Springer



678

Clin Oral Invest (2012) 16:673—-678

References

. Sieg P, Zieron JO, Bierwolf S, Hakim SG (2002) Defect-

related variations in mandibular reconstruction using fibula
grafts. A review of 96 cases. Br J Oral Maxillofac Surg
40:322-329

. Levin L, Carrasco L, Kazemi A, Chalian A (2003) Enhance-

ment of the fibula free flap by alveolar distraction for dental
implant restoration: report of a case. Facial Plast Surg 19:87—
94

. Nocini PF, Wangerin K, Albanese M, Kretschmer W, Cortelazzi R

(2000) Vertical distraction of a free vascularized fibula flap in a
reconstructed hemimandible: case report. J Craniomaxillofac Surg
28:20-24

. Kramer FJ, Dempf R, Bremer B (2005) Efficacy of dental

implants placed into fibula-free flaps for orofacial reconstruction.
Clin Oral Implants Res 16:80—88

. Boos C, Fink K, Stomberg P, Koeller W, Igl BW, Russlies M

(2008) The influence of bone quality and the fixation procedure
on the primary stability of cementless implanted tibial plateaus.
Biomed Tech (Berl) 53:70-76

@ Springer

10.

11.

. Giirlek A, Miller MJ, Jacob RF, Lively JA, Schusterman MA

(1998) Functional results of dental restoration with osseointe-
grated implants after mandible reconstruction. Plast Reconstr Surg
101:650-655

. Schliephake H, Schmelzeisen R, Husstedt H, Schmidt-Wondera

LU (1999) Comparison of the late results of mandibular
reconstruction using nonvascularized or vascularized grafts and
dental implants. J Oral Maxillofac Surg 57:944-950

. Lioubavina-Hack N, Lang NP, Karring T (2006) Significance of

primary stability for osseointegration of dental implants. Clin Oral
Implants Res 17:244-250

. Seong WJ, Holte JE, Holtan JR, Olin PS, Hodges JS, Ko CC

(2008) Initial stability measurement of dental implants placed in
different anatomical regions of fresh human cadaver jawbone. J
Prosthet Dent 99:425-434

Trulsson M, Gunne HS (1998) Food-holding and -biting behavior
in human subjects lacking periodontal receptors. J Dent Res
77:574-582

Chiapasco M, Gatti C (2004) Immediate loading of dental
implants placed in revascularized fibula free flaps: a clinical
report on 2 consecutive patients. Int J Oral Maxillofac Implants
19:906-912



Copyright of Clinical Oral Investigations is the property of Springer Science & Business MediaB.V. and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual use.





