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properties in a simulation of the human orbit
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To test the mechanical and physical properties of two types of poly(96L/4D-lactide) (PLA96)
implants and to evaluate their suitability for repair of large orbital floor defects, a study using
an in vitro set-up was performed. Implants, 0.2 mm thick and 28 mm in diameter, were
produced by either an extrusion process (type A) or by direct machining (type B) and had
a molecular weight (M,) of 64 x 10° and 146 x 10° g/mole, respectively, after y-sterilization
with a dose of 25 kGy. The implants were tested over 8 weeks in an apparatus simulating the
human orbit with a 3.1 cm? orbital floor defect under a static load corresponding to

a retrobulbar pressure of 13 mm Hg as well as unloaded. Both implant types were able to
counteract the applied static load without fracturing or excessive sagging. The type

A implants sagged more than the type B implants (2.3+0.1 mm versus 1.0 + 0.0 mm,

p < 0.01) but retained and even increased their strength during the study whereas the type
B implants showed a gradual strength-loss. In the clinical setting the observed sagging in
both types would not have resulted in positional changes of the eyeball. It is concluded that
with respect to the mechanical properties, both types of PLA96 implants tested are suitable

for repair of large orbital floor defects.

1. Introduction

Enophthalmos and diplopia are the most-often en-
countered sequelac of orbital floor fractures. Early
surgical intervention is required in case of manifest
enophthalmos of 2-3 mm or more and large orbital
floor fractures likely to result in late enophthalmos.
Early surgical intervention is also required in case of
symptomatic diplopia caused by extraocular muscle
dysfunction due to tissue incarceration [1-4]. The aim
of surgical intervention should be to reposition pro-
lapsed orbital contents, to release incarcerated orbital
tissue and to reconstruct the orbital floor in its correct
anatomical position [5-9]. To reconstruct a large
orbital floor defect and support the orbital contents
the aid of an implant will frequently be needed [2, 7].
For this purpose, the use of a resorbable alloplastic
material presents an appealing choice. When healing
of the defect is complete, the support of the implant
will no longer be required. Subsequent resorption of
the implant material should obviate complications
regularly reported such as infection, orbital hemor-
rhage, and migration or extrusion which are often
related to the life-long presence of non-resorbable
materials [ 10—13]. In addition, the use of an alloplas-
tic material obviates the need for a donor-site
operation for harvesting bone and provides the
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opportunity of adapting the mechanical properties
and resorption characteristics of the implant as
required [14-16].

The success after reconstruction of a large orbital
floor defect will, to a large extent, depend on the
mechanical properties of the implant used. With resp-
ect to these properties, two factors are considered to
be of major importance. First, an orbital floor implant
should have sufficient form stability to avoid excessive
sagging or deformation and, second, it should be
strong enough to counteract the load it is subjected to
[17-19]. In addition, a resorbable implant should
retain its strength long enough for the floor defect to
heal properly.

Available alloplastic resorbable materials such as
Polyglactin and Gelfilm® should only be used for the
repair of small defects because of their insufficient
mechanical properties and rapid resorption [14, 15].
Polydioxanone (Ethicon®, Sommerville, NJ) implants
have better mechanical properties but are fairly bulky
and will not always prevent postoperative enophthal-
mos after repair of large defects [20]. In our depart-
ment, Rozema et al. successfully used orbital floor
implants of as-polymerized poly(L-lactide) (PLLA) in
preclinical and clinical studies [21]. However, the
degradation rate of PLLA is very low and in the long
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term PLLA may evoke an unfavourable tissue re-
sponse [22, 23].

Based on these findings, we have made orbital floor
implants of poly(96L/4D-lactide) (PL.A96). The initial
mechanical properties of PLA96 are comparable to
those of PLLA [24] but it shows a higher degradation
rate [24,25] and may show easier resorption without
late complications. Qur primary interest was whether
these PLA96 orbital floor implants could meet the
requirements concerning the mechanical properties
needed for successful reconstruction of a large orbital
floor defect. Because, to our knowledge, the open
literature does not provide quantitative data concern-
ing these requirements, we used an in vitro set-up with
the aim of testing the mechanical and physical proper-
ties of two types of PLA96 implants and to evaluate
their suitability for the repair of large orbital floor
defects.

2. Materials and methods

2.1. PLA

As-polymerized poly(96L/4D-lactide) (PLA96) was
prepared by DSM-Research, Geleen, The Nether-
lands. Polymerization of 1- and p-lactide (mole ratio
96/4) was performed in bulk under vacuum for 68 h at
120°C. Stannous-octoate 0.02 wt% was used as
a catalyst. The weight-average molecular weight (M.,)
of the PLA96 was 1800 x 10° g/mole relative to poly-
styrene standards.

2.2. Implant production

Two types of PLA96 implants were produced, both
0.2 mm thick and 28 mm in diameter (Fig. 1). The first,
type A, were produced by extruding the granulate of
a cryogenically ground block of as-polymerized
PLA96 to a foil 0.2 mm thick at 200°C that was
wound on a hot roller at 80°C, and by subsequent
punching. The second, type B, were machined directly
from a block of as-polymerized PLA96. After produc-
tion, the type A implants had a M, of
177 % 10* g/mole and were translucent while the type
B implants had a M,, of 1210 x 10° g/mole and were

Figure 1 Photograph of a type A (left) and type B (right) orbital
floor implant.
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whitish opaque. Each implant was weighed and separ-
ately packed in a paper/PE/PP laminate bag (P3
‘DRG Hospital supplies’). Subsequently, the implants
were sterilized by y—irradiation with a dose of 25 kGy.

2.3. Sterilization effects

To detect possible changes of the initial material prop-
erties of the implants due to the y—irradiation steriliz-
ation procedure, four implants of both type A and
type B were characterized before and after steriliz-
ation.

2.4. Experimental procedure

An in vitro set-up was used to monitor the “post-
operative” performance of an orbital floor implant in
time after repair of a large “orbital floor defect”. The
set-up allows the sagging, load at break and displace-
ment at break of the implant under test to be meas-
ured, The main component within this set-up is an
apparatus simulating the human orbit with a frac-
tured orbital floor (Fig. 2). The apparatus consists of
three separate parts. The first part is a round perspex
tray (T) representing the orbital floor with a defect (D)
surrounded by an intact margin (M). The second and
third part represent the orbital contents and comprise
a round stainless steel cylinder (C) and stainless steel
plunger (P), which can slide up and down freely in
cylinder C.

The design of the apparatus was based on literature
concerning the anatomy and physiology of the human
orbit and the epidemiology of orbital floor fractures
[7, 8, 26-31]. Defect D in the perspex tray had a dia-
meter of 2 cm, the area size of the defect thus being
3.1 cm®. The surrounding margin M was 5 mm wide,
its area size being 3.9 cm?, and had a down-slope of
1 mm towards the centre of the tray. Plunger P and
cylinder C subjected the implant under test in the
apparatus to a load of 125 g, which corresponds to an
intraorbital pressure or retrobulbar pressure (RBP) of
13mm Hg The 125¢ load was divided over the
covered defect (55 g) and the margin (70 g) according
to the ratio of their respective area size. Plunger P had
a rounded-off working end (¥ = 30 mm) and its dia-
meter was reduced from 20mm to 18 mm over
a length of 10 mm from the working end. The under-
side of cylinder C was bevelled so as to adapt the
sloping margin of the perspex tray. The apparatus was
equipped with a stainless steel calibration rod (R)
fitted in the wall of the perspex tray.

The type A and type B implants were tested separ-
ately in two consecutive experiments with a duration
of 8 weeks under identical experimental conditions.
Both implant types were simultaneously tested under
static load in the apparatus as well as unloaded to
examine the effects of the load on the mechanical and
physical properties of the implants. To test the im-
plants under load, 16 of the described apparatus were
used. Defect D was covered with a PLA96 implant
centred carefully to ensure equal coverage of the sur-
rounding margin. Subsequently, plunger P and cylin-
der C were put on the cenire and the margin of the



Figure 2 (a) Schematic representation of the human orbit with its
contents. The orbital floor shows a defect (D) which is surrounded
by intact margin (M). An orbital floor implant (arrow) is covering
the defect, extending over the margin and supporting the orbital
contents. (b) Schematic representation of the apparatus simulating
the human orbit with its contents. The perspex tray (T) represents
the orbital floor with a defect (D). An orbital floor implant (arrow) is
covering the defect, extending over margin (M) and supporting
stainless steel cylinder (C) and plunger (P) which represent the
orbital contents. (c) Photograph of the apparatus.

implant. Another 16 implants were mounted in a plastic
rack without being subjected to any load. The 16 ap-
paratus and the rack were submerged in a lightly stirred
temperature-controlled bath containing 101 of a 0.1 M
phosphate buffer {(pH 7.4) to which was added an anti-
microbial agent (Na,HPO, + KH,PO, + 0.02 wt%
NaNj) at a testing temperature (T,) of 37 °C.

Eimva

i

| ]

Figure 3 Arrangement for measuring sagging of the loaded orbital
floor implants. The apparatus is secured on mounting table (MT) of
the measuring stand. Stainless steel pin (S) is lowered to the top
centre of plunger (P) and secured by a locking screw. First, measur-
ing probe (MP), fitted to the rotatable top part (RT) of the measur-
ing stand, is put on top of the apparatus’s calibration rod (R) and
the display of the connected Sony magnescale (MS) set for O.
Subsequently, the measuring probe is rotated to the top centre of
pin S and the offset from the 0 reading recorded.

2.5. Implant characterization

Sagging of the loaded implants was measured at week-
ly intervals on the same four apparatus. For this
purpose, the apparatus were temporarily retrieved
from the phosphate buffer and mounted in a measur-
ing stand (CEJ 531-1, Eskilstuna, Sweden). Sub-
sequently, the vertical distance between the top centre
of plunger P and the top of calibration rod R was
measured on a Sony (Sony Magnescale Inc. Japan)
magnescale LY-101 (Fig. 3).

At 2,4, 6 and 8 weeks after the start of the experi-
ment four apparatus with loaded implants and four
unloaded implants were retrieved from the phosphate
buffer. After visual examination each implant was
weighed (= my,.,) separately after drying off the adher-
ent moisture with a tissue.

To measure displacement and load at break the
loaded implants were replaced in their respective ap-
paratus after weighing and only the cylinders put back
on. The plungers were not replaced. The apparatus
were then mounted in an Instron 4301 testing machine
equipped with a stainless steel plunger fitted to a 5 kN
or 100 N load cell. This plunger with rounded off end
{(r = 25 mm) and diameter of 16 mm was put on the
surface centre of the implant. Subsequently, the
plunger was pushed through the implant at a cross-
head speed of 1 mm/min. The unloaded implants were
measured using the same procedure after changing
the remains of the loaded implants for the unloaded
implants. The remains of all tested implants were
vacuum dried at 40 °C to constant weight.

Water absorption of the retrieved implants was
calculated wusing the formula: %H,O = 100
(Myer — Mary) /Mary, 0 Which mg,, is mass after drying
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TABLE I Mechanical and physical properties of type A and type B PLA96 orbital floor implants before and after y-irradiation sterilization

Implant Displacement Load at* Molecular® Heat of® Melting® Glass transition®

type at break (mm) break weight fusion temperature temperature
N) (M, x 10%) /e °C) °C)

A unsterilized @ (98)° 177 25 154.4 52,5

A sterilized 32403 70.8 + 1.7 64 29.8 156.9 51.6

B unsterilized 31408 199.1 +61.4 1210 334 159.2 56.8

B sterilized 224 02¢ 1527 +£70.2 146 377 157.8 554

*Values are mean + SD for four implants

*Values for one implant

°No break occurred; data are an estimate of the value immediately before folding of the implants into the defect

dp < 0.01 versus type A sterilized

to constant weight. Change in mass (Am) was cal- 3

culated using the formula: Am = 100(my., — mo)/mo,

in which my is initial dry mass at the start of the study. ]

M,, was determined by gel permeation chromatogra- - ;/E/E

phy (GPC). GPC samples (1-3 mg/ml) were measured E 27 ;/E/ N

in chloroform on a Spectra Physics AS1000 (PSS 5u 5 ;/E/ -

SDV 1000 A and 10° A, Shodex R171, Viskotek H502) s / -

relatlve' to narrow polystyrene s_tandarfls. Therrpal (%’ g - " . .

properties were measured by differential scanning _/-/ "

calorimetry (DSC) on a Perkin Elmer DSC-7. DSC -

samples (5-10 mg) were heated at a scanning rate of 0i . . .

10°C/min. GPC and DSC analyses were performed 0 5 4 6 8

on samples of one of the loaded and unloaded im-
plants retrieved at each time interval.

2.6. Data analysis

Data are given as mean + SD. A two-tailed z-test was
used to analyse all data at a level of rejection of 0.05.
To avoid random significances, p-values were adjusted
for the number of tests performed. All analyses were
performed with SPSS/PC*™,

3. Results

3.1. Sterilization effects (Table I)

The non-sterilized type A implants did not break
during the push-through test. Instead, the implants
folded and were merely pushed down into the hole in
the perspex tray. For these implants, therefore, data
for displacement and load at break could not be ob-
tained. The sterilized type A implants all broke during
the push-through test. The y-irradiation sterilization
procedure did not significantly {p > 0.05) change the
initial values for displacement and load at break of the
type B implants. M,, however, was seriously reduced.
M, of the type A implants was decreased by more
than 60% while M, of the type B implants was de-
creased by nearly 90%. Heat of fusion (AH,,) of both
implant types was somewhat increased whereas
melting temperature (T',) and glass transition temper-
ature (T'y) were only minimally affected.

3.2. Implant characterization

3.2.1. Loaded implants

Both implant types sagged under load but none of the
implants fractured spontaneously during the test
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Figure 4 Sagging of PLA96 orbital floor implants as a function of
time under static load: @ type A; B type B. Values are mean + SD
for four implants. If not depicted, SD is within symbol range.
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Figure 5 Displacement at break of PLA96 orbital floor implants as
a function of time under static load and unloaded: @ type A loaded;
M type B loaded; O type A unloaded; [ type B unloaded. Values are
mean + SD for four implants. If not depicted, SD is within symbol
range.

period. For both implant types about 50% of the
sagging occurred during the first 2 weeks (Fig. 4).
While sagging of the type A implants continued to
increase with time, no further sagging of the type
B implants was observed from week 6. At the end of
the test period, sagging of the type A implants was
more than twice that of the type B implants
(2.3 +£ 0.1 mm versus 1.0 + 0.0 mm, p < 0.01).

A distinct difference between the implant types was
observed for displacement at break (Fig. 5). Displace-
ment of the type A implants was decreased by nearly
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Figure 6 Load at break of PLA96 orbital floor implants as a func-
tion of time under static load and unloaded: @ type A loaded;
M type B loaded; O type A unloaded; [] type B unloaded. Values are
mean + SD for four implants. If not depicted, SD is within symbol
range.
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Figure 7 Water absorption ( ) and change in mass (----- ) of
PLA96 orbital floor implants as a function of time under static load:
® type A; B type B. Values are mean + SD for four implants. If not
depicted, SD is within symbo! range.

80% at week 2 and subsequently remained virtually
unchanged, whereas displacement of the type B im-
plants showed a continuous gradual decrease until
week 8.

In contrast to the observation for displacement at
break, load at break of the type A implants was
increased by about 100% at week 2 (p < 0.01) (Fig. 6).
This level was maintained until week 6 before it
started to decrease. Load at break of the type B im-
plants was decreased by more than 50% during the
first 2 weeks and subsequently continued to gradually
decrease. At the end of the test period the type B im-
plants had become very fragile.

Water absorption occurred at a fairly constant rate
for both implant types (Fig. 7). At week 8 water ab-
sorption of the type A implants was about 3.5 times
that of the type B implants (35.2 +0.4% versus
9.9 4+ 0.3%, p < 0.01). The mass of both implant types
showed only minor changes (Fig. 7). At week 8 a mass-
loss of 1.3 £+ 0.1% was measured in the case of the
type B implants.

M, of both implant types, the type B implants in
particular, was decreased rapidly during the first
2 weeks (Fig. 8). With M, of the type B implants
remaining somewhat higher than that of the type

Molecular weight x 103

Time (weeks )

Figure 8§ Molecular weight of PLA96 orbital floor implants as
a function of time under static load and unloaded: @ type A loaded;
M type B loaded; O type A unloaded; [ type B unloaded. Values are
for one implant.
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Figure 9 Heat of fusion ( ) and melting temperature (----- )
of PLA96 orbital floor implants as a function of time under static
load: @ type A; B type B. Values are for one implant.

A implants, M,, of both implant types continued to
decrease at a low rate.

AH_, of both implant types was increased by ap-
proximately 5 J/g in 8 weeks, with AH,, of the type
A implants remaining lower than that of the type
B implants during the entire test period (Fig. 9). Ty, of
the type A implants was decreased from 156.9°C to
150.6°C in 8 weeks, while T, of the type B implants
remained practically unchanged (Fig. 9).

T, of both type A and type B implants was de-
creased slightly during the test period, by 4.5°C and
2.9°C, respectively. ‘

3.2.2. Unloaded implants
Some of the unloaded type A implants and, to a lesser
extent, unloaded type B implants lost their initial
planeness and became somewhat bulged or curled.

Displacement of the unloaded type A implants
showed a pattern similar to that of the loaded type
A implants (Fig. 5). The decrease at week 2, however,
was only about half the decrease of the loaded type
A implants. Displacement of the unloaded type B im-
plants gradually decreased like the loaded type B im-
plants but somewhat less rapidly.

Unlike the loaded type A implants, load at break of
the unloaded type A implants did not increase but
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Figure 10 Photograph of a type A {left) and a type B (right) implant
after 8 weeks under load in the apparatus. The total sagging of the
type A implants was more than twice that of the type B implants.
Note the whitish opaque appearance of the type A foils, in contrast
to their initial translucency.

instead showed a slow, gradual decrease (Fig. 6). Load
at break of the unloaded type B implants decreased in
a pattern similar to the loaded type B implants.

The measurements for water absorption of both
unloaded implant types were not significantly
(p > 0.05) different from those of the loaded implants.
At week 8, an increase in mass of 1.0 4 0.1% was
measured for the unloaded type A implants whereas
the mass-loss measured for the unloaded type B im-
plants was lower than that of the loaded type B im-
plants (0.5 + 0.1% versus 1.3 + 0.1%, p < 0.01).

For both unloaded implant types no obvious differ-
ences between M, of the loaded and unloaded im-
plants were measured (Fig. §).

The measurements for AH,,, T, and T, of both
unloaded implant types were practically the same as
for the loaded implants.

The type A implants, both loaded and unloaded,
had lost their initial translucency and had changed to
whitish opaque within the first 2 weeks of the test
period. The type B implants did not change appear-
ance notably during the entire test period (Fig. 10).

4. Discussion
The results of this study show that both PLA96 im-
plant types tested were able to counteract the load
they were subjected to during an 8 week period with-
out fracturing or excessive sagging. The type A im-
plants sagged more than the type B implants but
retained and even increased their strength during the
study whereas the type B implants showed a gradual
strength-loss.

The in vitro set-up used in this study appears to be
a helpful, objective method to study the mechanical
and physical properties of orbital floor implants and
to get a good impression of their usefulness in the
clinical setting with respect to these properties. The
apparatus from the in vitro set-up was designed on the
basis of literature concerning the anatomy and physi-
ology of the human orbit and the epidemiology of
orbital floor fractures [7, 8, 26-32]. Literature con-
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cerning the load acting on an orbital floor in normal
conditions or after reconstruction was found to be
scarce. The only relevant data in this respect con-
cerned the intraorbital pressure or retrobulbar pres-
sure (RBP) [27-31].

Defects of the orbital floor range in size from 1 to
4 cm? and enophthalmos is usually present or likely to
develop when the defect is larger than half of the
orbital floor or over 2.5 cm? in area [7, 8]. An orbital
floor implant used for repair of the defect should
extend a few millimetres over the intact margins
around the entire defect to ensure its stability [26]. In
normal conditions, the RBP in humans ranges from
3 to 4.5 mm Hg [27, 28]. This normal RBP can in-
crease by approximately 2 mm Hg due to functional
eye movements [28-30]. In addition, external pres-
sure on the eyeball can result in peak increases of the
RBP to more than 30 mm Hg [31]. We decided to
subject the implant in the apparatus to a load corres-
ponding to twice the RBP that, according to available
data, would exist in the human orbit with normal eye
function, i.e. (4.5 + 2)x2 = 13 mm Hg. The load an
orbital floor is subjected to by the orbital contents is
distributed equally over the entire orbital floor area.
Therefore, the load was divided over the covered de-
fect and the margin according to the ratio of their
respective area size.

During the 8 week test period, both implant types
sagged under load. Voluminal changes of the orbit can
result in changes of the eyeball position. For notable
changes of the eyeball position a change in volume in
the human orbit of at least 2 to 3 cm?® is required
[1, 3, 32]. The total sagging of the type A implants of
2.3 mm corresponds to an increase in volume of less
than 0.5 cm®. Therefore, the amount of sagging ob-
served would in the clinical setting not have resulted in
positional changes of the eyeball.

A distinct difference was observed between the
measurements for displacement and load at break of
both implant types. It is difficult to relate these
measurements to possible implications for the clinical
setting. The strength of a human orbital floor varies
largely. Jo et al. found, in a study on resected and
macerated human orbital floors, the ultimate strength
to vary from 0.9 to 6.6 N/mm? [33]. This strength
variation can be explained from anatomical variations
of the human orbital floor. Its area ranges in size from
3 to 5c¢m? and the thickness of the bone varies from
0.1 to 1 mm [34, 35]. Sometimes, natural dehiscences
occur in the bony orbital floor [36]. However, over
the entire spectrum of anatomical variation the posi-
tion and function of the eye may be completely normal
and undisturbed, even after removal of the bony or-
bital floor [5, 37]. In addition, it is difficult to estab-
lish how long it takes before an orbital floor defect
may be considered healed and strong enough to pro-
vide adequate support to the orbital contents without
the risk of adverse sequelae in the long term, such as
late enophthalmos or diplopia. After repair of an or-
bital floor defect with a resorbable implant, strength-
loss of the implant due to its degradation will presum-
ably be compensated for by the formation of fibrous
connective tissue and bone during the healing process.



In our department, Rozema et al. studied 0.4 mm thick
PLLA orbital floor implants in goats. Twelve weeks
postoperatively a dense connective tissue capsule was
observed on the orbital side of the implant and after
19 weeks a progressive bony plate was observed which
partially covered the implant [21]. Cutright et al.
repaired orbital floor defects in monkeys with 1.5 mm
thick PLA sheets. Fight weeks postoperatively they
observed bone remodelling in apposition of a fibrous
connective tissue capsule surrounding the implant
[38]. In a number of other in vivo animal studies on
resorbable alloplastic implants like Iyodura, Gelfilm®
and polyglactin, fibrous connective tissue formation
followed by the onset of bone formation was observed
between 6 and 12 weeks after implantation [14-16].
Based on these findings we assumed that a resorbable
orbital floor implant should retain enough strength to
support the orbital contents for a period of approxim-
ately 6 to 12 weeks. By this time the fibrous connective
tissue layer, together with newly formed bone, will be
strong enough to provide adequate support of its own.
At the end of our study, load at break turned out to be
108 N for the type A implants and 3.5 N for the type
B implants. This corresponds to pressures of approx-
imately 4100 mm Hg and 130 mm Hg, respectively.
Therefore, after 8 weeks both implant types tested still
had retained enough strength to counteract the 125 g
load or a 13 mm Hg RBP.

The observed difference in mechanical performance
between the two implant types, especially during the
first 2 weeks, most probably results from differences in
physical structure caused by the different processing
methods of the implants. The type A implants were
punched from a larger foil produced by an extrusion
process. The extrusion process had to be performed at
a temperature of approximately 200 °C because of the
high T, of PLA96 (T, = 156 °C). This high extrusion
temperature may have led to thermal degradation.
After the extrusion process, the type A implants had
both a lower M,, and AH,, than the machined type
B implants, indicating a lower degree of crystallinity.
In addition, the T, of the type A implants was found
to be lower than of the type B implants and relatively
close to the testing temperature (7) of 37 °C. In fact,
T, was in the onset of the glass transition trajectory of
the type A implants, which implies that the amorph-
ous phase of these implants was entering the rubbery
state. Under static load, therefore, the type A implants
exhibited a more ductile behaviour than the type
B implants. During ductile deformation, the polymer
chains in the amorphous zones become stretched and
oriented. This results in an increase of elastic modulus
(F) and strength of the material, which is even en-
hanced by the increase in crystallinity as degradation
proceeds. Under static load the material properties of
the implant material can thus change. Since the type
A implants were most prone to changes in material
properties due to the static load, these showed
larger differences in mechanical performance between
the loaded and the unloaded implants than in the case
of the type B implants. Water absorbed in the
amorphous zones may cause plasticization. The fairly
high rate of water absorption may, therefore,

have added to the ductile behaviour of the type A im-
plants.

The difference in physical structure may also ex-
plain the differences observed in the effect of the y-
irradiation sterilization procedure on the initial ma-
terial properties of the implants. The fact that M, of
the type B implants was more seriously affected than
that of the type A implants may have been due to their
higher degree of crystallinity. The polymer chains in
the amorphous zones tying the crystallites together
are particularly prone to scissioning by y-irradiation
[39]. Loss of tie-chains in the amorphous zones can
result in strength-loss of the material before the onset
of mass-loss [40, 41]. Despite the serious reduction of
M,, of the type B implants, however, M,, apparently
remained high enough to ensure sufficient initial
mechanical properties.

From the results of this study it can be concluded
that, with respect to the mechanical properties, both
types of PLA96 implants tested are suitable for the
repair of large orbital floor defects. Both PLA96 im-
plant types were able to counteract the load they were
subjected to during an 8 week period without fractur-
ing or excessive sagging. In the clinical setting the
amount of sagging observed would not have resulted
in positional changes of the eyeball. After 8 weeks,
both implant types tested still had retained enough
strength to counteract the 125 g load or a 13 mm Hg
RBP. When comparing the type A and the type B im-
plants, the A implants appear to be preferable consid-
ering their better strength retention and their relative
ease of production.

The PLA96 implants combine good mechanical
properties with limited thickness. Because of the good
mechanical properties, the implants are suitable for
the repair of large orbital floor defects. Moreover,
because of the mmplants’ limited thickness, large or-
bital floor defects can be reconstructed in their correct
anatomical position without disturbing the spatial
relationships in the orbit.

Successful treatment of an orbital floor defect de-
pends not only on the mechanical properties of the
implant used: other factors such as the tissue reaction
to and the resorption characteristics of the implants
should also be evaluated and taken into consideration.
Consequently, further study on these subjects is
needed.
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