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Abstract

Purpose. The purpose of our study was to evaluate clinfjcalhdiologically, and
histologically the fate of resorption of an intedece screw elaborated from an
osteoconductive material (Ligafix BDcontaining 60% Tricalcium Phosphate and 40% poly-
L-Lactic acid (PLLA) in anterior cruciate ligamef®CL) reconstruction with hamstring
tendons.

Methods: We performed 30 ACL reconstructions with four-sttamamstring grafts
(gracilis and semitendinosus) in 25 males and Safesawith an average age of 30 years
(range, 15-54 years). A Rigidfixsystem was used for femoral fixation, and a Lig&0®
screw and a staple for tibial fixation. All patisrwere reviewed at 3, 6, 9, 12 and 18 months
postoperatively. Laxity was assessed with a KT-1@@brometer and lateral radiographs
were taken for comparison of the implanted screva tmontrol screw. X-rays were used to
measure the density of both screws (density ofwsc@e minus density of adjacent bone)
using Adobe Photoshop 7.0. Then, we calculatediogseof radiological density at 3, 6, 9, 12
and 18 months postoperatively. Lastly, 7 biopsiésthe screw-tendon and screw-bone
interfaces were taken for studying screw resorpdiat graft anchorage.

Results: All the patients were followed for a minimum ofeyear. There was no
aseptic fistula, but one screw fracture occurrechsertion. Mean laxity was 6.6 £ 1.4 mm
preoperatively and 2 + 2.2 mm postoperatively. Sighdegradation began to appear as soon
as the first few months of implantation. After @ dnd 18 months, the composite screws had
lost 63%, 78% and 83% of their initial density, pestively. Histological examination
evidenced connective tissue at the screw-graftrfade, followed by degradation of the
implant and bone ingrowth. There was no persidtaeign body reaction.

Conclusion: The high R-TCP content in the composite mateeains to accelerate
screw resorption and tendon anchorage without wgusesidual knee laxity or adverse
reaction.

Leve of evidence: Level IV

Keyswords:. interference screw; tricalcium phosphate; ACL; hiimg.



I ntroduction

In the nineties, metal screws were extensively usedanterior cruciate ligament
reconstruction (ACLY}. Such materials were then gradually replaced byrbable poly-
glycolic acid (PGA), and later by the poly-L-Lactacid (PLLA) materials, which is now of
common use. Absorbable screws provide fixatiomgtie and clinical results similar to those
of metal screw$.Metal screws have two mains disadvantages: thegiéficult to remove in
case of revision, and they produce artefacts ondViIRie early degradation of PGA results in
local synovitis>*and absence of bone ingrowthinterference screws of pure PGA are no
longer used today. PLLA first undergoes slow fragtagon, and the degradation products
are finally metabolized to carbon dioxide and wAtRelease of polymers or monomers with
free acid functions may induce more or less sel@ral osteolysis, particularly when the
phagocytic capacities of macrophages are exce&dddbwever, PLLA induces much less
severe reactions with later onset than those irtlbgePGA.>’

Many authors who used PLLA interference screwsAfGtL reconstruction found that
PLLA was still present up to 4 years after impléiota %% PLLA/ceramic (R-TCP or
hydroxyapatite) composite screws were first intictliin 2000; they were supposed to resorb
more rapidly while retaining their initial mechaalgroperties until graft incorporation in the
bone tunnels was observed. The potential influesfcabsorbable screws on tendon graft
integration and their theoretical advantages ire acdsevision seem sufficient to justify their
higher price.

We hypothesed that increased tricalcium phospleatgent in the material can
enhance screw resorption and favour bone ingromgiae the tunnels.

Our purpose was to study the behaviour of mpmsite interference screw with high
tricalcium phosphate content (60 % w/w) in ACL restiuction using hamstring tendons.
Our evaluation was based on the clinical assessofekiiee stability, radiological density,
and histological examination of biopsy specimens dwaluating foreign-body reaction,
resorption of the screw and bone ingrowth.

Materialsand M ethods

1. Interference screw.

The screw Ligafix 68 (SBM, Lourdes, France) was manufactured by imjecthoulding.
The material consisted of 60% [3-TCP (Tricalcium $pihate) and 40% PLLA (poly-L-Lactic
acid). TCP [CaPQy),] was free of hydroxyapatite (HA) and calcium pymopphate as
confirmed by x-ray diffraction analysis and infrarabsorption spectrometry. The porous
volume of the ceramic component was 36 + 6%. Attilme of implantation, cristallinity of
the lactic acid polymer was over 80% as evidengechbomatography, and molecular weight
was over 70 kDa as defined by intrinsic viscd$ityThe composite material was first
evaluated in vitro and in vivd It demonstrated excellent biocompatibility, iroped



degradation kinetics, and gradual replacement by bene tissue without any significant
foreign body reaction when compared to pure laatid polymet®.

2. Theseries

This is a prospective single-center, single-surgstoialy. Institutional review Board
approval was obtained before initiating the stullly.the patients, who gave their informed
consent, with unilateral ACL injuries, between (o 2003 and October 2004, were
included in the study. Revisions of ACL reconstimcttor patients who could not be followed
for at least 18 months were excluded. Thirty consee ACL reconstructions were operated
on in 25 males and 5 females with a mean age oye32s (range, 15-54 years). All the
patients were operated on several weeks afterneipfitheir ACL.

ACL reconstructions were performed arthroscopycalling four-strand hamstring grafts.
The "anatomical" cortico-cancellous Rigidfisystem (Mitek, Issy les Moulineaux, France)
was used for femoral fixation. A Ligafix60 composite interference screw (SBM, Lourdes,
France) and a staple were used for tibial fixatiBostoperatively, the patients wore a
dynamic ROM knee orthosis allowing full weight biegr for one month. Rehabilitation
consisted in closed chain kinetic exercises. Patieauld resume running at 3 months and
pivot sports after 9 months. All the patients wereiewed at 3 months, 6 months, 9 months,
12 and 18 months for clinical evaluation. Laxity svavaluated using the KT-1000 knee
arthrometer (MEDmetric Corp, San Diego, Ca) ataximum manual traction, and a lateral
radiograph was taken.

2.1 Radiological evaluation of resorption

Radiological resorption was evaluated by comparihg radiological density of the
implanted screw with a control screw (Ligafix “6@iameter: 9 mm x length: 30 mm) that
was taped to the skin of the leg, next to the tilogerference screw. Thus, both the implant
and the control screw were radiographed using #rmaesconstants and the same x-ray
equipment.

On each lateral digitized x-ray, image density wesasured using Adobe Photoshop®7.0
For each screw (implant and control), 6 measuresnehtgrey level were taken in equal
surface areas (Fig. 1) by two investigators :

- 2 in the screw core area (zones 1 and 2): thenrokthese 2 values represented the
radiological density within the implanted screwar® implant

- 4 in the adjacent cancellous bone (zones 3, 4):.5the mean of these 4 values
represented the radiological density of the adjalbene:D bone

Actually, measurement of the implant density also includes the density of the adjacent
cancellous bone, so that density of the screwf|tBescrew, was obtained by subtracting the
density of adjacent bone from the density of theewccore:D screw = D implant - D
bone. The same formula was used for the control scremwiuch density is expressed Bs



control. Finally, the loss of densitgR was calculated as the relative difference betwiben
radiological density of implanted and control sesausing the formula:
SR =[1- (D screw - D control) / D control] x 100 (%).

In order to check the correlation between screwr@sn and loss of screw radiographic
density, we measured the density of 5 screws withwk resorption rates. The last step was
the measurement of tibial tunnel width from thetat x-ray at the intra-articular tibial tunnel
aperture, using a protocol developed previot&lyhe change in shape of the tibial tunnel
was classified according to one of the 3 descrptategories: “core type, “line type” or
“cavity type”. ™

2.2Histology

Biopsy specimens were taken inside the tibial turmtethe screw-graft and screw-bone
junctions during removal of the tibial staple. Togecimens were immediately placed in
undenatured alcohol. They were subsequently detediran a graded series of ethanol
solutions, transferred to acetone, and cleareglene. Some of the PLA group samples were
left to dissolve in chloroform for a few hours aheén transferred again to an absolute ethanol
solution for 24 hours. They were placed in a metflate solution for 48 hours, and
polymerized into polymethylmethacrylate (PMMA) ihet presence of hydrogen peroxide.
After polymerization was complete, 5 um thick seiesi were taken and stained with Giemsa
or Goldner solution. Evaluation of the tissue wagg@med under normal light.

3. Statistical methods

The values presented are the arithmetical mearll dhe measurements (including
extremes). For evaluation of screw density oveetime calculated the mean of R values for
all the patients, for the considered period of tifike difference among the studied groups
was evaluated using a Student®st and then the Fisher's F-test, with less G# risk.
Intra- and inter-operator repetitivity and reproitildty were evaluated using the analysis of
variance (ANOVA).

Results

1. Clinical

The minimum duration of follow-up was 18 montha@e, 18-30 months; average, 24
months). One screw fractured at the head-bodyipmduring insertion at the beginning of
our experience, without affecting initial stabilby the graft. There were no aseptic fistulas or
cysts at the entrance of the tibial tunnel. Meaityalifference (side to side) as measured
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with a KT-1000 by the same investigator, decreds®d 6.6 = 1.4 mm preoperatively to 2 +
2.2 mm at the last follow-up. In 93.3% of the pats; residual laxity was lower or equal to 5
mm (Fig. 2). Stability failed to be achieved (mtinan 5 mm laxity) in two patients (6.7%
anatomic failure rate) who had to be revised vhh Kenneth Jones technique at 1 year.
Notchplasty was necessary for one patient to coard&° extension deficit.

2. Radiological

The first signs of degradation appeared within fingt postoperative months. Density
decreased, and the screw looked smaller, had Hlwweatours, and was sometimes curved.
The residual screw image remains denser than thiaé @djacent cancellous bone (Fig. 3).

The initially denser images of the tunnel wallshegt screw-bone interface gradually became
blurred, and were hardly visible after 6-12 montA$.6 months postoperatively, tunnel
widening was not measurable in contact with thewcas tunnel walls were not distinctly
visible. The free distal end of the tibial tunnkbwed 31 + 16% increase in diameter, with no
further increase thereafter. All the tunnels hatine type” contour when visible; we did not
see any “core type” or “cavity type” that might ioate a severe inflammatory response at the
periphery of the implant.

Results of the comparison between screws of knownsity and measurements of
resorption showed a 98% (SD = 6.33) correlationiclvivalidates that density as measured
here is correlated to screw resorption (Fig. 4)aMeariation of the radiological resorption
measured by the loss of density over time is pteskeon Fig. 5. It shows that the radiological
resorption increases with time following a logamib trend. At 6, 12, and 18 months, the
mean radiological resorption of the implant vs.toolnvas 63 £ 21%, 78 £ 17%, and 83 + 7%
respectively. Mean standard deviation of repetitess was 5.37%, and mean standard
deviation of reproducibility was 8.27%. There wassignificant difference in the results of
the two investigators, which confirms the effectiges of this method in obtaining a reliable
general trend.

2.3 Histological

Histological analyses were performed on 7 biopsgcspens obtained in 2 patients at 8-
month follow-up, and in 5 patients at 11-month daltup. Due to the small size of the
samples, it was not possible to evaluate the loigichl degradation kinetics. These 7 screws
could not be removed because they were macrostigpembedded in cancellous bone.
Therefore, specimens could only be taken from tteeimference of the extra articular part of
the tibial tunnel. In one case, the head of a sqoestruded out of the tibial tunnel, had
degraded and became encysted: the intra tunndbpaot the screw had undergone bone
remodeling. An additional screw was simply remowad7 months postoperatively and
seemed intact.

2.3.1. Bone-ligament interface and screw-ligametetrface



At 8 months, in some areas, bone was thickened emaded with surface
proliferation of woven bone, and medullary spacesewilled with fibrous tissue, whereas in
other areas, the very tight ligament-bone interfeeseembled Sharpey fibers (fig. 6). There
was a tough connective tissue at the interfacedmivthe implant and the graft, bonding them
with sufficient strength to resist tissue retragtithat occurs during polymerization of the
embedding polymer. In some places, fibers werentete perpendicular to the surface of the
material (fig. 6), also suggesting Sharpey fib&ree ceramic particles were included in this
fibrous tissue, which indicated an advanced sthtkegradation of the polymer matrix.

2.3.2. Screw-bone interface

At 8 months postoperatively, ingrowth of connectigsue containing a few or
no cells was observed inside thin cracks of thdamtpwhich began to resorb but maintained
its initial shape. Connective tissue formation tfirsccurs within these cracks, then
predominantly around the different ceramic parsiclauilding a network of thin canals filled
by collagen and cells (fig. 7). The degradatiorthaf screw takes predominantly place on the
edge of the implant, as evidence by an irregulateria surface, and around the inner TCP
particles.

At 11 months postoperatively, screw fragmentatiad bccurred, evidencing
higher resorption rate. The implant was penetrbtedollagen bundles that reached the screw
core (Fig. 8). Macrophage-like cells created araavt absorption of the polymer matrix
around the ceramic particles. Direct ossificatimmf this connective tissue can occur, leading
to bone larger trabeculae invading the fragmente®@implant, which had retained its overall
shape. Such bone trabeculae have penetrated thgiderew and can be observed lining the
central lumen of the implant. There was cancellooise in direct and intimate contact with
the implant over most of its perimeter, with norapped macrophages.

Discussion

Direct interference screw fixation of hamstringdens does not have the same static
and dynamic strength as tendon fixation with agachone plugs. And yet, initial mechanical
strength is critical pending biological fixationthin bone tunnef$.

The graft is fixed to the tunnel walls by Sharpiefs (indirect fixation), and to the tunnel
aperture by a chondral-apophyseal ligament insefiirect fixation}’*2 Initially, a fibro
vascular interfacial tissue is formed between threftgand bone. This stage is followed by
gradual re-establishment of collagen fiber continland newly formed bone is visible after a
few weeks. Sometimes, a fibrochondral tissue aseabserved, as direct fixation occurs.
Tendon graft integration depends on environmeratedofs (type of fixation, tension on the
graft, filling of the tunnel), anatomic regions,daalso, most probably, on individuals. The
absence of tendon graft integration due to faulyation may cause failure of the
reconstructio’®® Tendon graft fixation within the bone tunnel taleseast 12 week§*
and probably much longét?* However, this process can be accelerated by graft
compressiolf.



Slow degrading screws are unable to contributenthi@rage, and can delay tissue healing.
Therefore, there is a theoretical advantage toguiast degrading screws and their osseous
replacement which may indirectly provide tendorfigitaation. We have observed direct and
resistant connective tissue attachment on the cuirdh the screw (fig. 6). It is generally
believed that reduction of graft micro motionstie tunnel due to early anchorage is likely to
promote graft aperture fixation and reduce tunnérgement

We chose to use a composite material containingaltium phosphate rather than
hydroxyapatite (which resorbs very slowly), witthigh TCP content of 60% versus 10-30%
in the other currently available screws. Prior gtugsults do not show a higher fracture risk
with this type of screw than with screws havingesamic content of 20-30%% In our series,
we only had one screw head fracture during screertion, without incidence on the stability
of the graft. Barber et al. reported 7% screw frextduring insertion of 7 mm diameter
screw$”. The improved design of the screwdriver tip and deeper screw head drive have
resulted in a lower fracture rafe The rapid degradation kinetics of this compositterial
had made us fear tendon graft slackening due toonmmtions within the bone tunnels. In
fact, we have had 6.7% of side to side laxity greftan 5 mm in our series, which is very
close to the rate reported in other publicatfariBhe faster resorption of the evaluated screws
has not resulted in increased laxity, which cowdgtehlogically been feared. Osteolysis at the
tunnel aperture with resulting enlargement of thenel is a common complication associated
with any type of screw. The mean percentage ofrgataent at the tibial tunnel aperture was
31 + 16%, which is consistent with the results theo series, in the same measurement
conditions (26 + 17% for Insalata, 22 + 20% for \M&l). Increased density at the margin of
the tunnels, although not calculated here, is mMiowler than that reported in a previous study
with a PLLA screw”. This is consistent with Robinson's findings istady on a PLLA-HA
screw, in which the tunnel walls rapidly becameywin and then invisibf&. In this study,
tunnel walls gradually became blurred and hardlible after 10-12 months, suggesting
advanced bone healing at the bone/screw interface.

The mean resorption of the screws were 78% at f, ywea 83% at 18 months. Drogset et
al. measured the resorption of PLLA screws by datmg the residual volume of screws
from MRI image8. At 2 years, there was a mean loss of volume 6b.6Mlorgan et al.
reported a loss of molecular mass of 75% at 2.5sy&&lowever, these two series concerned
bone plug fixation, contrastingly, Radford et akho studied direct screw fixation of
hamstring tendons, did not report any loss of vauat 4-year follow-upf. Therefore, it
appears that environment is critical to the resonpprocess. As a matter of fact, if the screw
is not fully included in the bone tunnel, it becamncysted but it is not absorbed (one case in
the series); this also applies to unstable or reobdrews, which probably explains the
necessity of removing a non-ingrown screw at 7 ime&ntThese facts support the hypothesis
that early bone ingrowth can occur, without encégisan, when there is direct contact and
stability of the screw.

The 7 biopsies performed in this work provide valeainformation on behaviour of the
evaluated composite screw versus screws made ef PiutA. In our study, the composite
screw-tendon graft interface is free of encapsaatmembrane (which includes many
macrophages) contrary to the interface with pureAscrews®?° which confirms the safety
of this composite material’. The graft tissue is firmly bonded to the surfatéhe material,
thus probably ensuring stable and durable secoritatjon. At the same time, the composite
material is severely eroded (several hundreds ofans), penetrated by collagen bundles and
then fragmented; new bone trabeculae have beenl feithin the implant. In the preliminary
experimental study, we had demonstrated the do@celation between osteoblastic activity
and dissolved calcium and phosphate ion cofitefihe released Chions activate specific



receptors in osteoblasts, which promote their ntiigma and proliferatioff. Initially,
degradation seems to occur next to ceramic pastiele seen in the cavities (which contain
macrophages) surrounding tfeTCP granules and are interconnected by thin tsnnel
Ingrowth of connective tissue into these areas sderprovide stable mechanical fixation and
surely indicates beginning of resorption.

This resorption/bone formation process may explaiy a bone density image persists on
x-rays and why resorption reaches a maximum lefrepproximately 90% after 1.5 year of
implantation. This corresponds to Grade 4 resomp#iocording to Pistner's classificatitn.
When Grade 5 resorption is reached, the polymemnoidonger detectable and has been
replaced by fibrous tissue or bone. The amountewflyr formed bone observed at 1 year is
close to that reported with polyglycolic acid (PGpins of a much smaller size, after 6
months of implantation but there is no osteolyéispons&. This is a fundamental difference
that is probably due to two factors: the absencacdfification of the medium owing to the
lesser amount of PLLA being hydrolyzed (the mater@ntains only 40% PLLA), and the
basic behaviour of tricalcium phosphate which migtt as a buffer, permitting healing by
osteoconduction. Degradation of the composite d&gualolves PLLA and TCP, thus
allowing maintenance of a neutral pH, which is knot® enhance bone formation, since
degradation of pure PLA materials into lactic a@dults in acidification of the medium and
promotes encapsulation of the material.

To our knowledge, only one clinical study has diésd the outcome of a PLLA-HA
composite scre¥t. At 2 years, fragmentation occurs, and the scigvsurrounded by
lymphocytes, giant cells and fibrocytes. Thereadfiration of the tendon graft to the screw.
As far as we know, other currently available conmeoscrewsi(e. PLLA + TCP or HA or
calcium carbonate) have not been histologicallgistiin humans.

The histological study has its limits: the biopsiaken from the extra articular part of the
tunnel does not reflect the behaviour of the erstrew at the aperture.

Conclusions

The PLLA-TCP composite interference screw contegné0 %[p3-TCP evaluated in this
study is, to the best of our knowledge, the fitstew to be gradually resorbed and partly
replaced by bone while developing tight attachmentthe graft without adverse tissue
reaction at 1.5 year follow-up. Such events mightob significance for reducing short term
laxity of the plasty and delayed inflammatory réat
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L egends

Figure 1. Technique for measuring the radiograpeitsity of 6 different areas in each screw:
roughly circular areas are selected in 6 diffepates (zones 1 and 2 in the screw core, zones
3 to 6 in the adjacent cancellous bone) on lateeal, and the grey level density of each area
is measured inside each area. The mean of thesvahiained in the adjacent bone is defined
by the formula D bone = (zones 3+4+5+6) / 4, thamef the values obtained in the screw
core is defined by the formula D implant = (zone&)1/2, and the density within the screw is

D screw = D implant - D bone. The same formula used for the control screw

Figure 2. Preoperative (black) and postoperativatéy side to side laxity (in millimeters)
obtained with KT-1000 at a maximal manual traction.

Figures 3. Lateral views of the tibia taken at 2ndl 12 months postoperatively. 3a : the
screw is clearly visible and no change is notedil3»screw has blurred contours, decreased
density. 3c: the screw is hardly visible, but thge of the residual screw persists as a
slightly dense area.

Figure 4. Correlation between theoretical resorpéind radiological measured density; error
bar is the standard deviation (correlation coedfiti= 0.98).

Figure 5. Variation of radiological density relaito period of implantation. Error bar is the
standard deviation.

Figure 6. Biopsy of the graft. The collagen tis§0&) of the graft is fixed to the bone (B) and
the implant (I) by fibers suggesting Sharpey'®fth Giemsa staining

Figure 7: Biopsy of the screw taken at 8 monthewshg penetration of the implant by
collagen fibers which bridge the TCP particles.r@sa staining

Figure 8. Photocomposition of a cross-section ofceew at 11 months. The implant
(PLA/TCP) is fragmented and penetrated by cancellbone. In the windows, higher
magnification of the canal network filled by contiee tissue in the implant matrix. It can
occur a direct ossification (B) from this conneetitissue (CT). Bone trabeculae have
penetrated inside the screw and can be observed) lthe central lumen of the implant
Giemsa staining
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Figure 1. Technique for measuring the radiograpignsity of 6 different areas in each
screw: roughly circular areas are selected in tediht places (zones 1 and 2 in the screw
core, zones 3 to 6 in the adjacent cancellous bomégteral view, and the grey level density
of each area is measured inside each area. The ofi¢ha values obtained in the adjacent
bone is defined by the formula D bone = (zones 3#4) / 4, the mean of the values
obtained in the screw core is defined by the foamidlimplant = (zones 1+2) /2, and the
density within the screw is D screw = D implant bBne. The same formula was used for the
control screw.
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Figure 2. Preoperative (black) and postoperativiat@)y side to side laxity (in millimeters)
obtained with KT-1000 at a maximal manual traction.
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Figure 3. Lateral views of the tibia taken at Zantl 12 months postoperatively. 3a : the
screw is clearly visible and no change is noted.tl3® screw has blurred contours, decreased
density. 3c: the screw is hardly visible, but theage of the residual screw persists as a
slightly dense area.

3¢ 3b 3c
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Figure 4. Correlation between theoretical resorpnod measured radiological resorption ;
error bar is the standard deviation (correlatioaficcient = 0.98).
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Figure 5. Variation of radiological resorption réla to period of implantation. Error bar is
the standard deviation.
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Figure 6. Biopsy of the graft. The collagen tis$G&) of the graft is fixed to the bone (B)
and the implant (I) by fibers suggesting Sharpépsrs. Giemsa staining
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Figure 7. Biopsy of the screw taken at 8 monthewsihg penetration of the implant by
collagen fibers which bridge the TCP particles.r@a staining
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Figure 8. Photocomposition of a cross-section a&fceew at 11 months. The implant
(PLA/TCP) is fragmented and penetrated by cancslloone. In the windows, higher
magnification of the canal network filled by contiee tissue in the implant matrix. It
can occur a direct ossification (B) from this cocthee tissue (CT). Bone trabeculae have
penetrated inside the screw and can be observieg lihe central lumen of the implant
Giemsa staining
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