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Abstract. Biodegradable osteosynthesis devices can be viewed as addition to, not
yet replacement for conventional metal osteosynthesis materials. In a series of 65
patients with zygomatic fractures, a short-term complication/sequelae rate of
22.8% and a long-term complication rate of 9.4% were recorded. Lactosorb™
plates, panels and screws were the only devices used for osteosynthesis. All
complications associated with the biodegradable material could be considered
minor and were resolved by the use of minor surgical procedures or conservative
measures. The results of this study indicate that treatment of zygomatic fractures
with biodegradable osteosynthesis material has no major long-term adverse effects
beyond the total material resorption time.
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In an effort to overcome the drawbacks
of metal osteosynthesis, clinicians and
polymer scientists have designed and
tested a wide variety of homopolymer
and copolymer devices over the past
decades. Numerous failures* '*'* have
led to the conclusion that homopolymer
devices have unfavourable degradation
properties and are likely to cause clini-
cally apparent foreign body reactions,
irrespective of the implant location.

In 1996, a new biodegradable osteo-
synthesis system for craniomaxillofacial
surgery became commercially available
under the trade-name of Lactosorb®. In
1984, the Lactosorb™ copolymer was
developed for use as a resorbable ligat-
ing clip (Poly-Surgiclip®, U.S.S.C.,
Norwalk, CT, USA) and since then, the
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material has been known for its excel-
lent biotolerance.

To date, reports on this material indi-
cate that its biodegradation process is
clinically inconspicuous'®?” in elective
surgery. For traumatology, short-term
reports'®!? are promising, however, no
long-term trauma study reports with this
material have yet been published.

Implantation of biodegradable screws
and plates in load-bearing areas such as
the zygomaticomaxillary buttress, the
infraorbital rim and the frontozygomatic
suture seems to be a significant biome-
chanical challenge to implant stability'~
4. Biodegradation is dependent on soft
tissue coverage, which may be extre-
mely thin in the periorbital region and
on the alveolar ridge. To ensure clini-

cally unapparent biodegradation, ade-
quate thickness of tissues around the
polymer implants allegedly is manda-
tory. Concerning the above mentioned,
zygomatic fractures would appear to be
the most demanding indication for bio-
degradable osteosynthesis devices.

Material and methods

This prospective study was designed to
evaluate the short- and long-term out-
come after fixation of zygomatic fractures
with a biodegradable osteosynthesis sys-
tem. A consecutive series of 65 patients
(54 males, 11 females; age 9-80 years;
mean age 34.48 years) with isolated dis-
located unilateral zygomatic fractures
was operated from July 1996 to April

© 2004 International Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Points of fixation in zygomatic fractures. I. Monofragment type.

1998 using the Lactosorb® system (Bio-
met Inc., Warsaw, IN, USA) for internal
fixation. )

Lactosorb™ is the tradename of a bio-
degradable amorphous copolymer made of
82% vr-lactic acid and 18% glycolic acid.
It retains 70% of its initial strength for 6—
8 weeks and, in an experimental setting'’,
totally dissolved after 12—15 months.

One can readily distinguish between
the 1.5 mm panels, which were used in
sizes 25 x 50 mm and 50 x 50 mm, and
the 2.0mm plates. The Lactosorb®™
panel is the biodegradable equivalent to
a metallic mesh. Once heated and malle-
able, this resorbable mesh can be
trimmed with a pair of scissors. The
thicker plates can be rendered malleable,
both panels and plates can be trimmed
with a pair of scissors and easily
adapted to the bone surface. The plates
are generally fixed with 2.0 mm screws
(emergency screws: 2.5 mm), and the
panels with 1.5 mm diameter screws
(emergency screws: 2.0 mm).

Patients with infected midface frac-
tures were excluded from our prospec-
tive study. In no patients was there
simultaneous use of biodegradable and
metallic material in the midface. In our
opinion, the data supporting the use of
mixed materials is insufficient.

Surgical approach

Under general anaesthesia, the patients
first underwent attempted closed reduc-
tion with the Langenbeck hook. When-
ever adequate reduction and stability of
the zygoma were achieved, patients were
extubated and excluded from this study.
When mobility of the zygomatic com-
plex persisted, open reduction and osteo-
synthesis of the fragments with the
Lactosorb™ system were performed.
First step was the inspection of the
zygomaticomaxillary buttress via an
intraoral approach using a gingival mar-
gin/crestal incision. The zygomaticofron-

tal region, the infraorbital region and the
orbital floor were surgically approached
whenever necessary to achieve correct
anatomical repositioning of the zygoma
and orbital floor, respectively.

The extent of the surgical procedure
varied depending on zygomatic bone
integrity. Forty-six patients with multi-
fragment fractures and 19 patients with
monofragment fractures were treated by
open reduction and fracture fixation using
the Lactosorb™ system. In 70% of the
monofragment fractures, sufficient stabili-
zation (after anatomic reposition) could
be achieved via an intraoral approach
with one-point-fixation (Fig. 1). In con-
trast, two thirds of patients with multi-
fragment fractures had to undergo both
an intraoral, and at least one extraoral,
approach (Fig. 2).

Investigation methods
Phase 1

The first goal of this study was to assess
the short-term complication rate after
fixation of zygomatic fractures with bio-
degradable implants. Clinical examina-
tions were performed at 1, 4, 12 and 24
weeks postoperatively with the aim of
detecting early osteosynthesis failures
and early adverse reactions during bio-
degradation.

Phase 2

In those patients in whom early compli-
cations were seen the follow-up period
was extended beyond 24 weeks.

Patients without early complications
who underwent non-fracture-related
treatment at the clinic after the 6-month
postoperative period (e.g., periodontal
surgery) were also examined for post-
operative complications.

Phase 3

The second aim of this study was to
assess the long-term complications of
biodegradable osteosynthesis material
for stabilization of zygomatic fractures.
Patients were contacted a minimum of 5
years after trauma surgery to collect data
on the postoperative period and the final
outcome. The telephone interview was
conducted by a specially trained assis-
tant. The interview protocol was standar-
dized and consisted of three general
questions and varying additional ques-
tions to complete the database for the
complication worksheet.

Results

In our series, 151 plates, panels and 609
screws were used for the fixation of
65 unilateral zygomatic fractures. Biode-

gradable materials were inserted in
seven anatomic locations (Figs. 3
and 4).

Nineteen monofragment zygomatic
fractures were fixed with 19 plates and
10 panels using 128 screws (Fig. 3). In
these fractures, the 2.0 mm plates were
the predominant means of fixation and
were placed at the zygomaticomaxillary
buttress, which was the first surgical site
to be entered via an intraoral approach.
Alternatively, a 1.5 mm panel was used
on this site when the bone was very
thin. Whenever necessary for optimal
stabilization, 2.0 mm plates or 1.5 mm

Zygomatic Fracture
Multifragment Type

n=46

30%

m One-point fixation
| Two-point fixation
0O Three-point fixation

Fig. 2. Points of fixation in zygomatic fractures. II. Multifragment type.
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Fig. 3. Distribution of plates, panels and screws in zygomatic fractures. I. Monofragment type.

panels were employed at the frontozygo-
matic suture.

Forty-six multifragment zygomatic
fractures were stabilized with 65 plates
and 57 panels using 481 screws (Fig. 4).
The 2.0 mm plates served as fixation at
the zygomaticomaxillary buttress, but, in
contrast to the monofragment fractures,
1.5mm panels were more frequently
used as an alternative, especially in
cases of severe comminution. For 2- and
3-point fixation, 2.0 mm plates were pre-

dominantly used at the frontozygomatic
suture and 1.5 mm panels or 2.0 mm
plates—depending on degree of commu-
nication and bone thickness—in the
infraorbital area.

Nineteen panels were used to bridge
18 orbital floor defects (2 in monofrag-
ment and 17 in multifragment cases).
The irregular number of panels arises
from the fact that two panels had to be
used in one multifragment patient to
bridge the orbital floor defect.

Multifragment type

In 5 of these 18 sites, the panels
simultaneously served as fixation for
fractures of the infraorbital rim, using a
technique previously described’. How-
ever, these panels were only counted
once, namely in the ‘‘infraorbital rim’’
section.

Both plates and panels were generally
well accepted by surgeons; 1.5/5 mm
screws were most commonly used for
the fixation of 1.5 mm panels, and 2.0/
7 mm screws for the 2.0 mm plates. In
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Fig. 4. Distribution of plates, panels and screws in zygomatic fractures. II. Multifragment type.
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exceptional cases, 2.5 mm emergency
screws had to be used when a 2.0 mm
screw did not engage in bone due to
stripping of the screwhole during tap-
ping.

Intraoperative  complications ~ were
generally easy to handle. There were
three types of technical difficulties asso-
ciated with the Lactosorb™ screws:
incomplete screw insertion, screw break-
age and stripping of the screw holes.

First, inadequate tapping resulted in
inability to fully seat nine screws. This
problem was encountered most often in
2.0 and 2.5 mm screws that were greater
than 7 mm length. In order not to risk
screw breakage, we left these screws in
place.

Second, the intraoperative breakage of
nine screws, predominantly of 2.0 and
2.5mm diameter and of more than
7 mm length, was observed; the screw
failures were estimated to be mainly
caused by insufficient pre-tapping and
consequently excessive friction between
bone and screw, overpowering the copo-
lymer material stiffness. Whenever sta-
bility could be obtained by fixing the
plate or panel with the other screws, the
remnant thread particle was left in
place.

Third, 11 screws were registered as
spinners, meaning that they were unable
to engage bone and press the plate or
panel against the bony surface. In most
cases, these screws still were capable of
at least helping to retain the osteosynth-
esis plate or panel, and were therefore
left in place despite being loose. When
better fixation was needed, the spinners
were removed and replaced with emer-
gency SCrews.

In our clinical concept, the presence
of an experienced surgeon was impera-
tive for successful completion of the
operative procedures. In Vienna, the
author and/or specially trained co-work-
ers were present in the operating theatre,
either performing surgery themselves or
assisting with the operation. After 5-10
assisted procedures, colleagues were
able to perform operations with the Lac-
tosorb® system on their own. This over-
sight allowed for quality management,
systemized the indications for surgery,
and standardized intraoperative handling
of the Lactosorb™ osteosynthesis system
for all procedures.

Follow-up

In our analysis, a distinction was made
between posttraumatic sequelae and
postoperative complications. The records

Table 1. Postoperative complications in 16 of
53 patients (observation period >5 years)

Dehiscence without implant exposure 4
Dehiscence with implant exposure 1
Temporary swelling 2
Maxillary sinusitis 2
Hypertrophic scar 2
Temporary ectropion 3
Long-term ectropion 5

Total 19

of phases 1-3 are listed in Table 1 and
Fig. 5.

Phase 1 (from 0 to 6 months
postoperative)

Clinical examinations up to 24 weeks
were performed in 65% of patients
(n = 42). Twenty-three patients were
lost to clinical follow-up during the first
6 months; the complications they suf-
fered until their drop-out, however, were
added to our count.

Fifteen of these 23 patients were
recontacted in phase 3 and the data on
complications was added to the 6 month
complication rates.

Conventional radiographs were taken
immediately postoperatively and at the
24-week-follow-up visit; patients num-
ber 1-30 underwent additional axial and
coronal CT scanning at the first post-
operative evaluation and after 6 months.
Although the stabilization material could
not be seen in the scans excellent skele-
tal stability during the first 6 months
was consistently found. As a conse-
quence of this finding, it was decided to
alter the study protocol and omit the 6-
month CT scan for the subsequent
patients.

Clinically, the postoperative position
of zygomaticomaxillary complexes remai-
ned symmetrical in all cases. Adverse
reactions to biodegradation were not
observed.

Combining the 42 patients followed
for 6 months with the 15 reached after 5
years, information on posttraumatic
complications in 57 patients was ana-
lysed.

Fourteen percent (n = 8) out of these
57 patients complained of posttraumatic
sequelae (hypaesthesia or dys/paraesthe-
sia lasting longer than 6 months). An
additional 22.8% (n=13) of the 57
patients had a total of six sequelae
(hypaesthesia or dys/paraesthesia lasting
longer than 6 months) and 15 early post-
operative complications (four intraoral
dehiscences without implant exposure,

one dehiscence with implant exposure,
three temporary ectropia, five long-
term ectropia and two hypertrophic
scars).

The four intraoral dehiscences without
implant exposure occurred 2, 2, 4 and
13 weeks postoperatively and all
resolved after 1-4 weeks without treat-
ment.

The intraoral dehiscence with implant
exposure occurred 15 weeks after
trauma surgery and lasted 20 weeks. All
attempts at secondary wound closure by
suturing failed; healing of the dehis-
cence could only be induced by repeti-
tive local removal of polymer debris and
topical application of antibiotic oint-
ments.

A total of eight cases of ectropion
after subciliary approach were documen-
ted; one of the temporary ectropia
was resolved by early surgical correc-
tion, since the patient insisted on the
procedure; the outcome was favourable
(Patient No. 8). The diagnosis of persis-
tent (long-term) ectropion was estab-
lished and  documented as a
complication 6 months after onset and
confirmed to still be present by tele-
phone interview after a minimum of 5
years.

Phase 2 (6 months to telephone
interview)

Two patients suffered from temporary
swelling which occurred at 12 months
after trauma surgery and lasted 3 months
in the first case and started 13 months
after trauma surgery and lasted 2 weeks
in the second case. Additionally two
cases of symptomatic maxillary sinusitis
on the operated side were registered,
one of them occurring concomitantly
with the temporary swelling of the first
case mentioned above. The sinusitis
lasted 4 weeks in both patients and was
treated successfully with antibiotics.

Another patient suffered a second
trauma during a game of basketball. He
was hit on the infraorbital rim 12
months after infraorbital fracture fixation
with the Lactosorb® osteosynthesis sys-
tem. Clinically, there were no signs of
refracture, however, he developed what
appeared to be a haematoma in the med-
ial aspect of the infraorbital rim; the
patient  further reported recurring
oedema in the infraorbital region in the
morning. After 10 weeks of observation,
the haematoma resolved spontaneously.
The instance was registered as post-
operative finding but not as complica-
tion.
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Overall, the average clinical follow-up
was 14.2 months (1-67 months).

Phase 3 (telephone interview after a
minimum of 5 years after trauma
surgery)

81.5% (n=53) of all patients were
reached by telephone in phase 3 (mini-
mum follow-up of 5 years after trauma
surgery; mean postoperative follow-up
72.7 months; range 60-81 months)
(Fig. 5).

Eight of 53 patients (15.1%) suffered
from long-term posttraumatic hypaesthe-
sia or dys/paraesthesia, which were
counted as posttraumatic sequelae.

An additional 5 of 53 patients (9.4%)
had a total of two long-term posttrau-
matic sequelae (hypaesthesia) and six
long-term postoperative complications
(five persistent ectropia and one persis-
tent hypertrophic scar). No biodegrada-
tion-related complications were found.

Discussion

Miniplate removal following trauma sur-
gery is indicated in approximately 10%
of cases and is mainly caused by infec-
tion and/or dehiscence, pain, interference
with denture position, screw or plate
failure, and palpability®’. There is no
evidence to support routine removal of
titanium maxillofacial plates due to cor-
rosion up to a period of 13 years'®.

The benefits of bioabsorbable osteo-
synthesis materials, such as obviating
the need for implant removal, minimiz-
ing the risk for complications by
remaining hardware, less interference
with craniofacial growth in children and
postoperative radiotherapy, no distur-
bance in post-operative imaging, no sen-
sitivity in cold weather, gradual transfer
of stress to bone and easy placement of
dental implants clearly outweigh possi-
ble complications in modern commer-
cially available systems.

Polymer science is at a point where
pure experimental work on prototypes is
being superceded with an increasing
number of clinical reports”® 131>~
18.20.24.25.27.28 y15ing commercially avail-
able products. Early complications with
biodegradable materials are mostly
caused by inappropriate surgical techni-
que, whereas late complications are
related to the biochemical composition
of the material. One of the exceptions to
this rule may well be the late appear-
ance of soft tissue swelling, which may
partly be due to inappropriate soft tissue
coverage over the implants.

The causes for soft tissue swelling in
the course of degradation are generally
not well understood. Two pathogenesis
theories have been proposed: first, as
mentioned above, inadequate soft tissue
thickness around the implants and hence
poor absorption of degradation products.

Second, sudden increase of degrada-
tion products, possibly caused by unno-
ticed minimal secondary trauma to the
implantation site, causing disintegration
of implanted materials and scattering of
polymers into the adjacent tissues,
thereby overwhelming the local clear-
ance mechanisms.

It can be stated that the individual
morphology of the patient at a particular
anatomical site, for example, the infraor-
bital rim, should dictate whether or not
to implant a biodegradable osteosynth-
esis material and if so, whether to use a
rapidly or slowly degrading one.

Rapid degradation may contribute to
an increased demand for body clearance
and thereby may be hazardous in
situations with insufficient soft tissue
coverage. On the other hand, slowly
degrading devices are said to seldom
overpower the local clearance capacity.

Exposure of biomaterials is thought to
have a similar pathogenesis; insufficient
soft tissue coverage could be one of the
main reasons. Interestingly, this compli-
cation occurred only intraorally in our
sample. Our complication rate of 1.9%
compares favourably with the 1.7% rate
of exposure of titanium miniplates”'.

Fibrous encapsulation is normal in
polymer degradation. Numerous macro-
phages and multinucleated giant cells
digest the polymer debris in the connec-
tive tissue capsule.

Hypertrophic scarring, as seen twice
in our sample, was not associated with
excessive fibrous reaction to degradation
and therefore not an implant-related
complication.

Apart from temporary swelling and
intraoral exposure of biomaterials the
late onset of maxillary sinusitis in 3.8%
was considered to be the third implant-
associated complication seen. ZINGG
et al.? reported a 2.2% incidence of
symptomatic maxillary sinusitis in his
series of zygomatic fractures with metal-
lic fixation.

Telephone interview was chosen for
assessment of long-term outcome; speci-
fic questions were formulated after eva-
luation of the complications expected.
Sensory disturbance, ectropion, scarring,
and inflammatory reactions  were
clearly identified and described by our
patients.

Clinically unapparent complications
such as temporary intrabony sinus for-
mation could not be detected; their
assessment, however, may have limited
value for health care.

The detection of complications notice-
able to the patients was our main goal.
Any radiological or clinical follow-up
was deliberately omitted and our utmost
efforts were directed toward long-term
(>5 years) patient recall.

There was no distinction made
between scleral show and ectropion,
because the difference could not be
assessed by telephone interview. Neither
was it possible to assess globe malposi-
tion or midface asymmetry. This is a
weakness of telephone interviews. How-
ever, short-term clinical follow-up would
have shown any posttraumatic dysmor-
phology; moreover, patients tend not to
distinguish  between ectropion and
scleral show since both alike lead to an
untoward aesthetic appearance clearly
detected by the patient. In our series, we
found 10.7% (3 of 28 subciliary
approaches) had temporary and 17.9%
(5 of 28 subciliary approaches) had
long-term ectropion after a subciliary
approach. In the literature, rates for tran-
sient ectropion vary from 6 to 37% and
from 0 to 28% for permanent ectropion/
scleral show with the subciliary
approach®.

In our series, long-term sensory dis-
turbance of the infraorbital nerve in 10
of 53 cases (18.9%) was recorded.
According to the literature, the incidence
of long-term neurosensory deficits in
zygomatic fractures ranges from 10 to
50%2°. Our data compares favourably
with the numbers given by RoHricH &
Wartomure?®  (19.1% decreased cheek
sensation after a mean follow-up period
of 2.6 years) and ZiNnGG et al.*’, who
recorded 30.9% sensory disturbance in
monofragment and 22.6% in multifrag-
ment fracture types after a mean follow-
up period of 1.5 years.

Overall, our complication rate com-
pares favourably with the literature,
although a selection bias, which rather
reflects the  worst-case  situation,
occurred during phase 3. Patients lost to
follow-up are rather free of complica-
tions/sequelae, as can be derived from
the data of the 15 patients who were
recontacted in phase 3 (5 years after
having lost them in phase 1); none had
suffered any adverse event.

Early complications, occurring before
bony healing, were easily treated conser-
vatively with anti-inflammatory local
measures, whereas late complications,



taking place after bony healing, required
aggressive measures, for example, the
removal of exposed biomaterials. The
use of systemic antibiotic treatment was
generally not required, unless there were
clear signs of bacterial infection like in
maxillary sinusitis.

Apart from untoward biodegradation
properties, i.e. adverse reactions in the
course of biodegradation to zero rem-
nant, clinicians are primarily interested
in the handling properties of surgical
devices and in the universal applicability
of one material for all age groups and
anatomic skull regions. The latter is
questionable, since the biochemical and
biomechanical properties of one biode-
gradable material cannot be suitable for
all purposes. The individual choice of
material should be made on a case by
case basis selecting from currently avail-
able product lines. Surgeons will there-
fore have to undergo continuing
education to become acquainted with the
demands of the various commercially
available biodegradable osseofixation
materials; it is generally accepted that
polymer material differences have a far
greater clinical significance than those
of metals®*.

From a technical standpoint, the
1.5mm panels can be adapted to the
bony surface of the zygomaticomaxillary
butress and anterior sinus wall like a
corset. In cases of bony comminution,
the individual fragments can be screwed
to the panel with the 1.5 mm screws
to form a puzzle-like mosaic beneath
the sheltering panel. The cranial aspect
of the panel is then fixed to the body
of the zygoma while the caudal end is
fixed to the alveolar bone. In retrospect,
this was the easiest method for recon-
struction of the vertical dimension of
the zygomaticomaxillary buttress in
cases of gross disruption. The disadvan-
tage of this method lies in potential
postoperative dehiscences at the muco-
gingival border above the caudal end of
the panel. Whether the intraoral dehis-
cences with implant exposure were
induced physically (i.e. by mechanical
pressure from the dental prosthesis),
chemically, or just a result of poor oral
hygiene cannot be determined in retro-
spect.

The curved 6-hole 2.0 mm plate was
the predominant form of osteosynthesis
along the zygomaticofrontal suture;
adaptation in this area is easy, and stabi-
lity of osteosynthesis most important.
The bony structures will easily accept
the 2.0/7 mm screws. In our series, sur-
geons deliberately refrained from redu-

cing the plate size and from shaping the
plate surface, which is sometimes advo-
cated to decrease the postoperative
transcutaneous palpability; in our fol-
low-up, plate contours were not palpable
after the first postoperative year.

The infraorbital rim fractures were
rather stabilized with a 1.5 mm panel
than with a 2.0 mm plate. In some cases,
the panel bridging an orbital floor defect
was bent over the infraorbital rim® and
used for osteosynthesis of the fractured
infraorbital rim as well.

In summary, the intraoperative hand-
ling of biodegradable osteosynthesis
involved a learning curve, however,
intraoperative complications were of
minor nature and could easily be solved.
The incidence of postoperative compli-
cations which are not related to degrada-
tion was found to be similar to
zygomatic fractures fixed with metallic
osteosynthesis. Postoperative complica-
tions related to biodegradation occurred
as expected during the degradation per-
iod, were rare and of minor nature. The
results of this study indicate that treat-
ment of zygomatic fractures with Lacto-
sorb™  biodegradable  osteosynthesis
material has no major long-term adverse
effects related to biodegradation.
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