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bstract

ibular flaps are usually used for the reconstruction of the mandible, but the use of plate systems, including miniplates and reconstruction
lates, has recently been debated. We have made a retrospective study of 544 consecutive patients who had fibular grafts with miniplates used
or fixation, and also made retrospective measurements of orthopantomographs from 37 patients to assess the stability of the miniplates used
n the fibular flaps. When miniplates were used with fibular flaps there were 10.3% (56/544) complications, of which 4.8% (26/544) were
oosening of the screws, 2.6% (14/544) fracture of the plate, 1.5% (8/544) exposure of the plate, and 6.4% (35/544) infection. The median
IQR)  time at which the complications occurred was 24 (7–48) months. We conclude that loosening of screws is common at the binding
nterface near the condyle and in the molar region; plates are more likely to fracture near the binding interface in proximity to the molar
egion; and plates at the chin are the most likely to be exposed. Diabetes and the use of radiotherapy were associated with complications. Our

ata suggest that miniplates used for mandibular reconstruction are relatively reliable.

 2015 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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ntroduction

icrovascular free flaps are commonly used to reconstruct
romandibular defects, and fibular flaps are the most reliable
ay to reconstruct a long defect in the mandible. They have

he advantage of providing sufficient blood supply and a stock
f bone large enough to be shaped to repair a serious defect

n the mandible. Plating systems are critical to guarantee the
tability of grafted bones, and the most commonly used are
econstruction plates and miniplates.
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Single large plates used to stabilise fibular free flaps are
ifficult to manipulate during the operation and may inter-
ere with the vascular pedicle. They can be prebent, however,
hich can save operating time and maximise geometrical

ccuracy. However, a “stress-shielding” phenomenon has
een described, which may lead to resorption of bone.1

tress shielding happens when the normal forces exerted
n the mandible are eliminated by the rigid plate, and
one is resorbed because it is no longer needed to main-
ain the same load. This decreases the bone mineral content
f the neomandible and lessens overall bony strength, so
steonecrosis is common in a neomandible with a reconstruc-
ion plate.2

Miniplates are fixation plates with a diameter less than
r equal to 2.0 mm.3 They have several advantages includ-

ng ease of application, short fixation time, little risk of
isruption of the vascular pedicle, and ease of removal if
ecessary.4 In contrast, because they are smaller, they are

blished by Elsevier Ltd. All rights reserved.
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Table 1
Types of defect according to the classification of Jewer et al,6

Type of defect Number (%)

L 239 (44)
H 141 (26)
HC 7 (1)
HCL 6 (1)
L
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of recurrent tumour with metastases, 14 (2.5%) had locally
recurrent tumour alone, and 26 (4.7%) had complications
C 72 (13)
CL 79 (15)

ore likely to fracture and result in malunion or non-union
f the neomandible.5

Some surgeons prefer to use large plates because they
oubt the stability of miniplates for fixation of grafted bone
nd think that they have a higher chance of complications.
owever, after radiotherapy thick reconstruction plates can
ften dehisce through the skin, and that is why we use mini-
lates. We have retrospectively reviewed the reliability and
tability of miniplates used for fibular flap reconstruction.

aterial  and  methods

e reviewed the records of 544 consecutive patients who
ad fibular reconstruction with miniplates (diameter 2.0 mm)
uring a 10-year period (January 1999-December 2010).

We recorded personal and clinical details, diagnosis, sites
nd types of defects, smoking history, radiotherapy, duration
f follow up, and complications related to the plates. We
efined these as: loosening of the screws, fracture of the plate,
xposure of the plate, and infection.

We used the standard international HCL classification
uggested by Jewer et al,6 to assess defects: defect C encom-
asses the central mandibular segment between teeth 33 and
3; defect L extends from the canine tooth to the base of
he articular process leaving out the condyle; and defect H
ncompasses the mandible from the symphysis up to and
ncluding the condyle (Table 1). We recorded factors that
ould be related to the survival of the plate, which included
ge (less than 65 and 65 or more), sex, smoking, diabetes,
adiotherapy, and defects of the mandible (anterolateral or
ateral).

We used the following inclusion criteria to study the sta-
ility: patients with single defects of the condyle (H and HC);
ollow up of at least 1 year; and all panoramic radiographs
omplete. The exclusion criteria were the use of radiotherapy
nd complications that developed during follow up. A total
f 37 patients were included. We measured the mandibular
ngles of the normal side and the angles on the grafted side,
hich were formed by fibular bones. Angle A refers to the
ormal mandibular angle, while angle B refers to the angle
ormed by the fibular bones. To measure these angles we
rew four lines on the panoramic radiographs: line one and

ine two formed the external margin of the two grafted fibu-
as; line three was drawn across the tangent of the lowest
dge of the mandibular body that crosses the bottom point of
igure 1. The measurements of Angle A and angle B on orthopantomogra-
hy.

he mandibular angle; line four was drawn across the most
ateral point of the condyle and the most lateral point of the

andibular angle. We defined angle A as the angle formed by
ines one and two, while angle B was formed by lines three
nd four (Figures 1 and 2). The difference between the values
f angle A and angle B was recorded as angle C. Serial data
or angle C were taken during each follow up and changes
n this angle were evaluated, which avoided bias caused by
ny distortion in the orthopantomographs. Data were entered
nto IBM SPSS software (version 17.0 IBM Corporation,
rmonk, NY, USA) and analysed using Kaplan-Meier anal-
sis, Cox’s regression analyses, and a paired sample t test
� = 0.05).

esults

n all, 544 patients were reviewed, which included 206
omen (38%) and 338 men (62%). The mean (SD)  age of

he patients was 43 (SD = 16.362) years and the mean (SD)
uration of follow up 36 (SD = 36.037) months. The most
ommon causes for defects of the mandible were ameloblas-
oma (n = 168, 31%) and squamous cell carcinoma (n = 148,
7%).

Table 1 shows the type of defects studied, of which 23
4.2%) had problems with the venous return, and of these,
4 survived. Plates were removed from 52 (9.5%) because
Figure 2. Diagram of the measurements of angle A and angle B.
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Table 2A
Complications in 544 patients. Data are number (%) unless otherwise stated.

Variable No (%)

Total complications 56 (10.3)
Loosening of screws 26 (4.8)
Fractured plate 14 (2.6)
Exposed plate 8 (1.5)
Infection 35 (6.4)

Median (IQR) time before complication developed
(months)

24 (?? - ??)

Table 2B
Sites of loosening of screws (21 sites in 14 patients).

Site No

Binding interface near the condyle 7
Interface of 2 fibulas near the molars 6
Binding interface near the molars 4
Binding interface near the incisors 3
Binding interface of 2 fibulas near the incisors 1

Table 2C
Sites of fracture of plates (12 sites in 14 patients).

Site No

Binding interface near the condyle 4
Chin 3
Body of mandible 2
Incisor region 1
Intraoral 1
N
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Table 3
Cox analysis for survival of the plate.

Factors B Wald p value

Age (years): -3.22 0.480 0.502
Less than 65
65 or more

Sex: 0.067 0.044 0.834
Male
Female

Defect: -0.231 0.639 0.424
Anterolateral
Lateral

Smoking 0.439 2.491 1.551
Diabetes 1.245 9.473 0.002*
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ith the plates. A further 133 (24.4%) had no symptoms, but
he plates were removed 1-2 years later.

Table 2 (A-C) shows the overall complications involved
nd the sites affected. For five patients “loosening of screws”
as recorded in the operating notes and medical records,
ut there were no orthopantomographic images. In one case
fracture of the plate” was recorded in the operating notes
nd medical records, but there were no orthopantomographic
mages, and in one case “exposure” was noted in the medical
ecords without mention of where it was.

The Cox regression analysis showed that only diabetes
nd radiotherapy were associated with complications of the

lates (Table 3). The Kaplan-Meier analysis showed that
atients with diabetes had more complications than patients
ho did not (Table 4, p = 0.002). Similarly, radiotherapy was

e
o
e

able 4
omplication rates and Kaplan-Meier analysis for different factors. Data are numb

Diabetes 

Yes
(n = 24)

No
(n = 520)

p va

oosening of screw 5 (20.8) 21 (4.0) 0.00
racture of plate 2 (8.3) 12 (2.3) 0.04
xposure of plate 1 (4.2) 7 (1.3) 0.20

nfection 4 (16.7) 31 (6.0) 0.03
verall 7 (29.2) 49 (9.4) 0.00

# Kaplan-Meier analysis for each complication: *p < 0.05; **p < 0.000.
adiotherapy 0.977 12.475 0.000*

∗ p < 0.005.

ssociated with significantly poorer survival of the plates
p = 0.000). Patients with diabetes were at higher risk of
oosening of the screws, fractures of the plate, and infection
p = 0.002). Diabetes had no significant effect on exposure
f the plate (p = 0.200). Radiotherapy increased the rates
f loosening screws, exposure of the plates, and infection
p =  0.000), but fractures of the plates were not significantly
ffected by whether a patient had had radiotherapy or not.

In 37 patients, orthopantomographic images were mea-
ured between 1 and 8 years later at the following times:
mmediately after the operation, at 3, 6, 9, 12, 15, 18, 21, 24,
7, and 30 months, as well as at 3, 4, 5, 6, 7, and 8 years.
rthopantomographic images were measured and the mean
alues of angle C (c̄n) were recorded each time (Table 5). The
ean value of angle C (c̄0) after the operation was 8.5◦. A

aired sample t test was used to compare c̄n and c̄0. Angle
 significantly changed at 1 year (p = 0.091), but remained

table thereafter.

iscussion

he fibular free flap has become a standard and often
referred method for mandibular reconstruction. The large
mount of vascularised bone it yields allows it to support
ral, plating systems are critical to guarantee the stability
f grafted bones. This involves the use of a range of differ-
nt plates from miniplates to large reconstructive plates, and

er (%).

Radiotherapy

lue# Yes
(n = 107)

No
(n = 437)

p value#

0** 11 (10.3) 15 (3.4) 0.002*
7* 4 (3.7) 10 (2.3) 0.309
0 4 (3.7) 4 (0.9) 0.020*
9* 16 (15) 19 (4.4) 0.000**
2* 21 (19.6) 35 (8.0) 0.000**
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Table 5
Number of patients, cn value, and p-value at different times of follow-up.

Time Cases cn (◦) p value

Month postoperatively: 37 -8.5500
3 20 -5.8050 0.009
6 17 -0.7000 0.001
9 12 -6.6917 0.012
12 14 -2.9714 0.000
15 3 -8.7000 0.091
18 7 -1.8000 0.060
21 3 -13.9000 0.326
24 7 2.8000 0.044
27 6 -1.1833 0.063
30 2 -9.6000 0.328
33 3 -5.5667 0.130

Year postoperatively:
3 4 5.4500 0.408
4 5 -6.6800 0.076
5 3 -5.100 0.181
6 0 0
7 1 -10.0000
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fixation in fractures of the midface and mandible. Ann Plast Surg
8 1 -10.0000

he latter theoretically withstand more stress than the smaller
nes.

Miniplates were associated with fewer plate-related
omplications (56/544, 10.3%) than reported in other
ublications,2,3 where they were between 20% and 30%.2,7–9

aurer et al.10 Robey et al.2 and Shaw et al.3 reported no
ignificant difference in complication rates between recon-
truction plates and miniplates. This may be explained by
ur large sample and improvement in techniques over recent
ears, together with the large number of our patients who
id not have cancer or radiotherapy. Different definitions of
omplications of the plate may also lead to different results.
ostoperative complications are not sufficient reason to avoid

he use of miniplates in mandibular reconstruction.
Sites where screws loosened were primarily at the binding

nterface near the condyle and the molar region, and the bind-
ng interface near the molar region was prone to fractures. Tie
t al,11 calculated the Von Mises stresses on grafted fibular
ones using 3-dimensional finite-element analysis. They con-
luded that the maximum Von Mises stress on grafted bone
as higher than on normal bone, which indicates it’s concen-

rating and shielding effects. The location of maximal Von
ises stresses varied by the pattern of the defect; the max-

mum on the reconstructed mandible with a RBSH defect
ccurred at the right binding interface near the molar region
ith the maximum stress on the reconstructed mandible, as
id a B defect. However, the maximum stress on the recon-
tructed mandible with a BSHSH defect occurred at the left
inding interface near the incisor region. Our results agree
ith those put forward by Tie et al.11 The chin has less

oft tissue than other regions, which may explain the greater
xposure of the plate.
Factors that influenced complications of the plate were
iabetes and radiotherapy. We showed a significantly
ecreased survival of plates after radiation, which has also
xillofacial Surgery 54 (2016) 496–500 499

een shown by others.3,10 We focused only on miniplates,
hile other studies looked at both miniplates and reconstruc-

ion plates.
We found that diabetes and radiotherapy had no corre-

ation with fracture of the plate, nor did age, smoking, or
he mandibular defect. Maurer et al10 showed that smok-
ng and age over 60 may reduce the success of mandibular
econstruction.

Because they are small and malleable, miniplates have
een associated with instability,5 but Huh et al,12 con-
rmed their stability experimentally in dogs. Analysis of
ur 37 patients showed that the angle of the reconstructed
andible changed at around one year. However, as there
ere no complications associated with the plate, this result

an be explained by reattachment of the muscle and self-
ehabilitation of the occlusion. After this, the angle of the
econstructed mandible remained relatively constant. This
uggests that miniplates are capable of keeping grafted bones
table after reconstruction. We had a small sample, and so
ore cases are required to prove this definitively.
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