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ABSTRACT

Forty one cases(37 patients) of mandibular reconstruction using AO-plates were reviewed.
The patie}ts\ aged from 27 to 83 years old(52.34 18.1 years) were followed for 5 to 42 months
(mean 12.7+ 8.3 months). Cases were grouped by the location of reconstruction ; Anterior
mandible crossing midline as Group A(12 cases), body segment of the mandible as Group
B(16 cases), condyle & ramus of the mandible as Group C(13 cases). The incidence of
revision as a measure of outcome was calculated by actuarial methods accounting for loss
or death.

Revision or plate removal occurred in 22.2% (9 of 41 cases) with an incidence of 52.2% (6
of 12 cases) in Group A, 12.5% (2 of 16 cases) in Group B, and 7.7% (1 of 13 cases) in
Group C. Combined use of AO-plate and bone graft had a revision rate of 33.3% (4 of
12 cases), while the reconstructions with plate only had a rate of 17.2% (5 of 29 cases).
The difference between the immediate reconstructions(19.2% 5 5 of 26 cases) and delayed
reconstructions(26.7% ; 4 of 15 cases) was not significent, but the delayed reconstruction
of the anterior mandible resulted in highest failure rate of 57.1% (4 of 7 cases).

The revision incidence was significantly high when the area had been radiated. 33.3%
of 24 radiated cases, while 5.7% of not-radiated cases required revision. Particularly, the
radiated Group A resulted in remarkable higher failure rate(63.2% of 10 cases). Mouth
opening over 30mm was obtained in 92.3% of Group C, in 63.8% of Group B, but only
in 522% of Group A. Joint pain which was mild and tolerable was noted in 3 of 13 Group
C patients.

The large defects of the mandibles following
massive trauma, resection of refractory osteora-
dionecrosis and ablation of tumors lead to defi-
ciencies in mastication and esthetic function. To
replace the mandibular defects and to restore the
function properly, bone graft and/or alloplastic

support have been used.

Autogenous corticocancellous bone blocks)?
particulated cancellous bone marrow in allogenic
bone tray’?1"18) and the vascularized bone
grafts?” following the composite resection have
been considered more acceptable than the allop-
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lastic replacements, but high morbidity due to
untoward complications such as infection, necro-
sis or functional impairment have been followed
frequently?1?, Oral incompetence with drooling
leads to masticatory difficulty and a very unsatis-
factory life, particularly when the defect is combi-
ned with soft-tissue loss or contracted severcly”
12).

Even the advent of myocutaneous pedicled and
microvascular free flaps has provided better soft
tissue covering, primary osseous grafting in irra-
diated beds and delayed reconstruction of ante-
rior mouth floor which was not sustained properly
remains a challenge in the oral and maxillofacial
reconstructive surgery.

Currently, primary internal stabilization of re-
mained segments using the metal plates and dela-
yed reconstruction with bone graft have been re-
commended most widely®?191D22) AQ Mandi-
bular Reconstruction Plates(tAOMRP) are rigid
enough to hold the remained mandibular stumps
without intermaxillary fixation, and are easy to
use!929 However, immediated wound dehiscence
and the thinning of soft tissue covering were follo-
wed in 20~48%, and they resulted in eventual
exposure of the plate and disfigurement of the
lower face with limited function®%71015),

Therefore, this study is to review the complica-
tions following the mandibular reconstructions
using AO-plates and to evaluate the prognosis
by the location, by the timing(immediate or dela-
yed), by the modes(AO only or combined use
with bone graft), and by the radiation effects.

Materials and Methods

Forty one cases(37 patients) of mandibular re-
construction using AO plates following the com-
posite resection undergone at Massachusetts Ge-
neral Hospital{Boston, MA) since 1986 were re-
viewed and reexamined until December of 1989.
26 cases had undergone malignant tumor ablative

Fig. 1. Primary reconstruction of the mandible with
AO-plates following the composite resection.

Fig. 2. An AO-plate restored the defect of lateral
mandibular segment.

surgeries and radiation therapy, other 15 jaws had
been lost due to massive trauma and invasive be-
nign tumors.

The age range of patients was 27 to 83 years
old(mean 52.3+ 18.1 years), and cases were follo-
wed for 6 to 42 months{mean 12.7+ 8.3 months).

Cases were grouped by location of the reconst-
ruction ; Anterior mandible crossing mid-line as
Group A(12 cases), body segment of the mandi-
ble as Group B(16 cases), condyle and ramus
of the mandible as Group C(13 cases).

The incidence of revision or removal of the
plates due to untoward comlications were used
as an objective measure of outcome and was cal-
culated using actuarial methods accounting for
loss to follow and death. Intentional removal of
the plate was excluded.
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Fig. 3. An AO-plate placed in anterior mandible pro-
perly with adequate soft tissue covering.

Fig. 4. A plate was exposed with findings of intra-oral
fibrotic scar contracture and pulling-down of
a pedicled Delto-Pectoral flap.

Independent variables included plate location,
immediate versus delayed reconstruction, plate
alone versus combined use of bone graft, and ra-
diation. Dependant variables included satisfac-
tory mouth opening(over 30 mm), infection, plate
exposure and joint pain.

The differences between the groups and variab-
les were compared by Chi-square test and critical
ratio from the standard error, and were defined
significant at p<{0.05.

Results

1. Complications encountered

Following the reconstructive surgery using

AO-plates, postoperative infection was occurred
in 26.8% (11 of 41 cases). The incidences of infec-
tion according to the type of reconstruction bet-
ween AO-plate reconstructions(27.6%, 8 of 29)
and cases combined with bone grafts(25.0%, 3
of 12) were not significant. Also, there was no
difference in the incidence of infection following
the immediate reconstruction(269%, 7 of 26 ca-
ses) and the delayed reconstruction(26.7%, 4 of
15 cases).

Wound dehiscence was followed in 17.1% of
41 cases with incidence of 33.3% in Group A,
12.5% in Group B and 77% in Group C. And
the incidence in AO-plate group(20.7%, 6 of 29
cases) was higher than the combined reconstruc-
tions(8.3 %, 1 of 12 cases), but the differences were
not significant(Table 1).

However, radiation had been related significan-
tly with wound dehiscence 5 7 of 24 cases(29.2%)
in the radiated area and none of 17 cases in
not-radiated area(p<{0.02). And when the soft
tissue covering was inadequate, additional flaps
complicated high(46.2%, 6 of 13 cases) requiring
revision, while only 3.6% in flap not-added cases
perforated later(p<{0.001).

Other complications included joint pain in 14.6
%, limited mouth opening in 29.3%, swallowing
difficulties in 14.6%, and occlusal changes in 9.8
% of 41 cases. But these are not related significan-
tly with variables(Table 1).

2. Incidence of Revision or Plate Remo-
val

Revision or plate removal occurred in 22.2% (9
of 41 cases) with an incidence of 522% in Group
A(6 of 12 cases), 12.5% in Group B(2 of 16 cases).
and 7.7% in Group C(1 of 13 cases). Reconstruc-
tion of the anterior mandible has been complica-
ted more frequently than the lateral segment or
the condylar restoration. The differences between
the groups are significant(p<C0.02, Chi-square
test) (Table 2).
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Table 1. Untoward complications following the
mandibular reconstruction using AO-pla-
tes with or without bone grafts

Number of %

Complications incidence  (n=41)
Postoperative infection* 11 126.8
Wound dehiscence,

plate exposure* 7 17.1
Pain of TM]J 6 14.6
Limited mouth opening 12 29.3
Swallowing difficulty 6 14.6
Occlusal change 4 9.8

Unsatisfactory facial contour 3 7.3
*Infection and perforation were the major causes of
revision : 77% of all.

Table 2. Incidence of revision or plate removal by
the location of reconstruction.

Location No. of NO: .Of .Revision
Reconstruction Revision Incidence* (%)

Group A 12 r 525

Group B 16 9 19.5

Group C 13 1 7.7

Total 41 9 229

Rev. Incidence* ; claculated by actuarial analysis con-
sidering the lost or the dead. Differences between the
groups are significant(P<0.02, chi-square)

Time of revision ; post-operative 8.2+ 3.7 months

Table 3. Revision incidence according to the type
of reconstruction

ly AO+b total
Location AO plate only +bone to

(n=29) (n=12) (n=41)
Group A 3 ( 7) 38 (5 6 (12)
Group B 2 (11) 0( 5 2 (16)
Group C 0 (11) 1 (92 1 (13)
Total 5 (17.2%) 4 (33.3%) 9 (22.2%)

() s number of the reconstructed mandibles(p>0.
05, chi-square test).

Of the post-operative complications, infection
was the most common cause of revision(3 of 9
revised cases). 2 cases were revised due to wound
dehiscence soon after reconstruction, and other
2 plates were removed due to delayed exposure.
Other causes of revision were a case of unsatisfac-
tory facial contour and a case of trismus.

All of the revisions were done within a year
following the reconstruction > 3 of 9 cases within
6 months, 6 of 9 cases between 6 and 12 months
(mean 8.2+ 3.7 months).

1) Revision According to the Mode of Re-
construction

Primary reconstructions with AO-plates requi-
red revision in 17.2% (5 of 29 cases), while recons-
tructions with AO-plate and bones had been reo-
pened in 333% (4 of 12 cases). Particularly, hi-
gher incidence of revision was noted in the ante-
rior mandible(Group A), but there was no signi-
ficant difference between the AO-plate alone and
combined use with bones(Table 3).

2 of 4 revised cases which AO-plates had been
placed with bone grafts had solid bones not re-
quiring further surgeries.

2) Revision According to the Timing of
Reconstruction

Immediate reconstructions were revised in 91.2
% (5 of 26 cases), while delayed reconstruction
had a little higher with 26.7% (4 of 5 cases). The
anterior mandibles which had been complicated
most frequently had also lower revision rate (40.0
%,2 of 5 cases) in the immediate reconstructions
than in the delayed reconstruction(57.1%. 4 of
7 cases). But the difference is not significant, and
none of the delayed reconstructions for the lateral
and condylar defects were revised(Table 4).

Therefore, the immediate reconstruction via the
intraoral approach may not be worse than the

Table 4. Revision incidence according to the timing
of reconstruction

Location Immediate  Delayed Total
(n=26) (n=15) (n=41)
Group A 2 ( 5) 4(7 6 (12)
Group B 2 (18) 0 (3 2 (16)
Group C 1 ( 8) 0( 5 1 (18)
Total 5 (19.29%)* 4 (26.7%)%9 (22.2%)*

( ) s number of the reconstructed mandibles
*(p>0.05, chi-square test).

— 454 —



delayed reconstructions via the extra-oral app-
roach.

3) Revision Incidence According to the
Radiation

Of 9 revised cases, 7 cases had been irradiated
before and a case after surgery. 33.3% of 24 radia-
ted cases required revision, while only a case of
17 cases(5.9%) in not-radiated area was revised
(p<<0.05)(Table 5).

In the reconstructions of the anterior mandib-
les, 6 of 10 cases(63.2%) required revision. But
only 2 of 9 cases in the body and none of 5 cases
in the Group C were reopened to remove the pla-
tes.

4) Revision Associated with Additional
Flap Surgeries

To ensure the soft tissue covering, 13 myocuta-
neous flaps(11 cases of Pectoralis Major flap, a
case of Lattissimus Dorsi flap and a case of Ster-
nocleido-Mastoid flap) were made. to cover the
defects at the time of mandibular reconstruction.

Of 13 cases which underwent additional flap
surgeries, 30.8% (4 of 3 cases) were revised due
to infection and wound dehiscence. Other 28 cases
without flap surgeries had 17.9% of revision (p=>0.
05).

In the reconstructions of the anterior mandib-
les, Group A with flap surgeries had a revision
incidence of 75% (3 of 4 cases), while Group A
without flaps 37.5% (3 of 8 cases). But in the
Group B and C, there were no notable differences

Table 5. Revision incidence according to radia-

tion
Location Radiated Not radiated total
(n=24) (n=17) (n=41)
Group A 6 (10) 0(92) 6 (12)
Group B 2 (9) o(7n 2 (16)
Group C 0 ( 5) 1 (8 1 (18)
Total 8 (33.3%)*%1 (59%)* 9 (22.2%)*

() s number of the reconstructed mandibles.
*The difference is significant(p<{0.05, chi-square
test).

Table 6. Revision incidence associated with flaps
added simultaneously

Location  Flap-added Flap-not added Total
Group A 3 (4) 3(8) 6 (12)
Group B 1 (4) 1 (12) 2 (16)
Group C 0 ( 5) 1(8) 1 (13)
5 (18)* 5 (28)* 9 (41)*
Total
(80.8%) (17.9%) (22.2%)

( ) ; nmber of the cases.
*(p>0.05, chi-square test).

whether they had additional flaps or not(Table
6).

And the flaps radiated before were followed
by revision in 33.3% (of 24 cases), only one of
17 cases(5.9%) in not-radiated area were revised
(p<<0.05)(Table 7).

3. Functional Recovery

1) Mouth Opening

70.7% (29 of 41 cases) were able to open the
jaw as high as 30mm in interincisal distance or
over 40mm intermaxillary distance. 522% in

Table 7. Revision incidence associated with flaps
and radjation effect

Flaps Radiated Not radiated Total
Flap added 4 (13) o0 (0 4 (13)
Flap not added 4 (11) 1 (17) 5 (28)
8§ (20)* 1 (17)* 9 (41)*
Total
(33.3%) (59%) (22.2%)

() s nmber of reconstructions.
*(p>>0.05, chi-square test).

Table 8. Mouth opening following the mandibular
reconstruction with AO-plates

. >30mm <80mm Satisfactory
Location MMO * MMO (%) ’
Group A 6 6 5.9

(n=12) )
Group B 11 5 68.8
(n=16) '
Group C 12 1 92.3

(n=29)

*=>30mm MMO ; over 30mm in maximum mouth
opening and 40mm for the edentulous patients . 29

jaws(70.7% ) are satisfactory.
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Group A, 68.8% in Group B, and 92.3% in Group
C were assessed as satisfactory(Table 8).
Reconstruction of the mandibular ramus have
been relatively good in mouth opening, but half
of the anterior mandibles reconstructed with
AO-plates had some degree of limited jaw excur-

sion.

2) Pain of the Temporomandibular Joi-
nts

Pain of temporomandibular joints was comp-
lained in 14.6% with incidence of 18.8% in Group
B and 23.1% in Group C, but none of 12 cases
in the Group A. Mild and tolerable pain occurred
ipsilaterally in 2 cases and contra-laterally in 4
cases.

There was no cases showing degeneration of
the glenoid fossa radiographically.

3) Clinical and Patient’s Self assess-

ment

Accounting 3 withdrawn cases, 70.8% (28 of 41
cases) of patients who underwent reconstructive
surgeries satisfied with the result and would reco-
mmend same procedures to other patients.

11 cases(26.8% ) had been in excellent progress
without any disability or pain. Other 11 cases(26.8
%) were in good status with some degree of disa-
bility but no pain, and 7 cases(17.1% ) had limited
function with infrequent pain.

12 cases(29.3%) had been infected, dehisced
and in poor state. Of them, 9 cases(22.0% of all
41 cases) required revision.

Discussion

Of the various methods available in the recons-
truction of the mandibular defects, autogenous
bone graft has been the most acceptable biologi-
cally. Especially, particulated cancellous bone
marrow in the allogenic or alloplastic tray has
been the most widely used?3121823) The trau-
matic defects and segmental resections of the be-

nign tumors have been restored superbly, but the
defects followed by composite resection of malig-
nant tumors remains difficult and failure rates
remain relatively high ranging from 15% to 47.3%
according to the literatures!®!D12),

The primary reconstruction with bones, the use
of myocutaneous flaps and free vascularized gra-
fts have been advocated for these purpose, but
the immediate post-surgical morbidity is great
with higher infection rate and does not offer satis-
factory functional recovery as we expected”!D12),

Therefore, many clinicians have preferred dela-
yed bone graft in 4 to 6 months after immediate
stabilization of the remained soft tissues and seg-
ments. For these purpose, the AO reconstruction
plate provides so rigid to support the remained
segments and maintains compromised occlusion
and facial contour!®2?, But infection and wound
dehiscence may follow immediately, and delayed
exposure of the plates is the most common comp-
lications”910)

Kriiger!® reported removal of the plates in 20%
(2/10) of the immediate reconstructions with ribs
but only in 4.8% (242) of secondary reconstruc-
tions with iliac bones, and Komisar et al” remo-
ved 8 of 11 plates(73%) implanted with bones
of which 9 cases were immediate grafts.

In this study, however, 26.9% of 26 immediate
grafts and 26.7% of delayed grafts were infected,
then 192% of immediate grafts and 26.7% of se-
condary grafts were revised. The incidence of in-
fection may not be related with the modes of reco-
nstructions(27.6% in AO-plates vs. 250% in
AO-plates with bones), and also it is hard to con-
clude that immediate reconstruction may be less
recommendable.

The revision rate of 22.2% (9 of 41 cases) is
not higher than other reports. However, when the
mandibular stumps are not stabilized well at the
time of resection, significant contraction develops
over time. Murphey et al'>) experienced plate ex-
posure in 27.8% of 18 cases and the lost or remo-
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ved in 222%, and Gullane & Holmes® lost 21%
of 28 plates of which 20 had been placed after
irradiation.

The contracted fibrosis, secondary collapse of
the dental arch and perioral tissue makes delayed
reconstruction very difficult to accomplish and
the functional rehabiliation becomes unsatisfac-
tory!213),

Of the failures, in this study, two thirds(6 of
9 failed cases) were occurred in the reconstruction
of the anterior mandibles. The incidence of revi-
sion in the anterior mandibles is remarkably high
(522%). Kellman & Gullane” reported also hi-
gher complications in the anterior mandibles with
plate exposure in 48% and removal in 35% of
23 reconstructions with AO-plates & myocuta-
neous flaps.

Although the internal fixation by the plates mi-
nimizes the undesirable sequelae and gives more
rapid and functional recovery with a low incide-
nce of complications, defects of the anterior man-
dible crossing mid-line complicated more freque-
ntly. Initial breakdown of intra-oral wound was
a common occurrence and often leaded to flap
retraction and plate exposurc!®. A steel bar may
put pressure against the undersurface of this distal
portion of the flap. The pulling down of the pedi-
cle by the weight probably increase the pressure
of the flap against the plate, particulary in the
anterior mandible”?®,

Also, the revision or plate removal occurred
more frequently in the radiated area. Kellman
& Gullane” reported no correlations could be
made with the incidence of failure, but the signifi-
cant higher incidence of revision with 33.3% in
the radiated area(59% in the not-radiated tis-
sues) might be related with poor vascularity and
scar contracture. Post-radiation scar and fibrosis
may induce the gradual pulling-down of the soft
tissues to denude the plates. This follow-up study
suggest us that radiation seems to be one of the
important critical factors of unfavorable results.

so that the radiation before the reconstructive
procedures may not be recommendable in view
of maxillofacial reconstruction. However, to eva-
luate the correlation of AO-plates and postgraft
radiation effect, further prospective studies are re-
commended.

Reviewing the cases of AO-plates with bone
grafts, revision does not mean whole failure of
the reconstruction. In this study, 4 of 12 plates
were removed, but 2 of 4 revised cases had grafted
bones solid enough to support the remained seg-
rments without additional bone grafts.

Kennady et al®’ reported a study on the stress
shielding effect when the plates and screws are
left in site for long periods. The plates often sink
into the bone, and grafted bones become weaker
due to lack of stimuli. Kriiger & Krumholz'® ad-
vocated to remove the plates 3~4 months after
reconstruction in order to expose the bone to a
functional stimuli.

Therefore, the AO plates is not the final solu-
tion to a difficult reconstruction problems al-
though they provides rigid stabilization for the
defects of the mandible. To prevent wound dehis-
cence and delayed exposure of the plates, particu-
larly in the reconstruction of the anterior mandib-
les, we have to consider adequate soft tissues
which are free of strain to cover the plate, proper
holding them without dead space, smaller shaping
of the plate, and avoidance of pregraft radiation
if feasible.

Conclusion

On the bases of clinical observations, the follo-
wing conclusion and summary can be made.

1) Complications following the mandibular re-
constructions using AQ-plates were more fre-
quent in the anterior defects crossing midline.

2) Mandibular reconstructions using either
AO-plate only or combined use of AO-plates
with bone had no significant difference in the
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incidence of revision.

3) Immediate or delayed reconstruction showed
no significnat difference in the prognosis.

4) Incidence of revision was significantly high
when the reconstruction arca had been radiated
before.

5) Simultaneous skin-flaps with AO-plates
were complicated more frequently than the recon-
structions without additional flaps, particularly
when they were treated by radiation before the
surgery.

6) Mouth opening was satisfactory as high as
92% in the condylar reconstructions, but rather
as low as 52% in the anterior reconstructions.

7) Joint pain which was mild and tolerable was
noted in 23% of the condylar reconstructions.

8) Main causes of failure are considered to be
post-operative infection, immediate wound dehi-
scence and delayed exposure of the plates.

9) 70.8% of patients satisfied the functional and

esthetic results:
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