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Purpose: The purpose of this study was to prospectively assess the outcome of hamstring autograft
anterior cruciate ligament (ACL) reconstruction by use of identically shaped bioabsorbable and
titanium interference screws in a randomized trial. Methods: One hundred patients were randomized
to have either bioabsorbable or titanium interference screws used for graft tunnel fixation in
hamstring autograft ACL reconstruction. Patients were objectively and subjectively assessed preop-
eratively and 3, 6, 12, and 24 months postoperatively. Radiographs at 12 months postoperatively were
also assessed for tunnel width. Results: There were no differences in clinical outcome by use of
Lysholm and International Knee Documentation Committee scores between the 2 groups at any stage
of follow-up to 2 years. Tibial tunnel widths were the same between the 2 groups. There was slightly
more tunnel widening in the femur when bioabsorbable interference screws were used. Conclusions:
Identically shaped bioabsorbable interference screws and titanium interference screws used for
hamstring autograft ACL reconstruction are equally successful up to 2 years postoperatively. Level
of Evidence: Level I, prospective randomized trial with more than 80% follow-up. Key Words:

Anterior cruciate ligament—Interference screws—Hamstring autograft—Bioabsorbable.

Interference screws have been successfully used for
graft fixation in anterior cruciate ligament (ACL)
reconstruction by use of both patellar tendon and
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hamstring autografts.! Traditionally, interference
screws have been metallic—steel or titanium—but,
more recently, bioabsorbable materials such as poly-
L-lactic acid have become available. Animal studies?
and human case reports® emphasize the relative redun-
dancy of interference screws as early as 12 weeks
postoperatively, and hence a bioabsorbable material is
an attractive option, provided that the fixation of graft
to bone is adequate. The shape and mechanical aspects
of the interference screw are integral to its capacity to
achieve adequate fixation strength without damage to
the graft. It remains unclear whether it is the shape or
the material of the screw that is the critical factor in
providing graft-bone fixation.

We present a prospectively randomized study of 2
groups of patients who underwent 4-strand hamstring
autograft ACL reconstruction using either titanium
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(RCI; Smith & Nephew, Andover, MA) or bioabsorb-
able hydroxyapatite poly-L-lactic acid (HA-PLLA)
composite (RCI; Smith & Nephew) interference
screws for both tibial and femoral tunnel fixation.
Both screws have an identical shape, and the purpose
of our study was to prospectively compare the out-
comes of both types of screws in a randomized trial.
Our hypothesis was that bioabsorbable screws would
be as effective as titanium screws in terms of patient
outcome and radiographic features.

METHODS

Between February 2002 and January 2005, 114
patients awaiting ACL reconstruction agreed to par-
ticipate and were recruited into the study. Ethical
committee approval was obtained. At the time of
screw insertion, patients were assigned by use of
block randomization with consecutively numbered
sealed envelopes to receive either titanium or bioab-
sorbable (HA-PLLA) interference screws for both tib-
ial and femoral tunnel graft fixation. All interference
screws were identical in shape and size (7 X 25 mm),
having blunt threads to reduce the risk of graft lacer-
ation and large round heads to optimize aperture fix-
ation of the graft in the bony tunnels. The surgical
technique using arthroscopically assisted single-inci-
sion 4-strand hamstring autograft (gracilis/semitendi-
nosus) was the same for all patients, differing only in
the type of interference screw used. Femoral tunnels
were prepared in a standard fashion through the an-
teromedial portal in all cases. Size 7 screws were used
in all tunnels because we believe this size is more than
adequate for graft fixation in both the femur and the
tibia, as also used by other authors,! and it would
allow meaningful comparison of tunnel sizes in all
patients. We routinely leave the hamstring graft at-
tached to its insertion on the pes anserinus, providing
further fixation to the tibia. Grafts were manually
tensioned at 15° of flexion. Meniscal sutures were
placed by an inside-out technique with No. 2 mono-
filament sutures. All operations were performed by the
senior author.

Exclusion criteria were skeletal immaturity, multi-
ligament injury, contralateral knee ligament injury,
previous knee ligament surgery, and advanced degen-
erative joint disease (Outerbridge grade IV).

Patients were assessed preoperatively and at 3, 6,
12, and 24 months postoperatively. Assessment in-
cluded clinical examination, instrumented laxity tests
(Rolimeter; Aircast, Vista, CA), and knee function
scores (Lysholm and International Knee Documenta-

tion Committee [IKDC]). The Rolimeter has been
previously validated compared with the KT-1000 ar-
thrometer (MEDmetric, San Diego, CA).# The clinical
assessors were blinded to the type of interference
screw used in each case. All patients underwent the
same standard closed-chain rehabilitation program
aiming for return to contact sports at 9 months post-
operatively.

Radiographic analysis of standard anteroposterior
and lateral films was undertaken at 12 months post-
operatively and consisted of assessment of graft tunnel
widths (tibial and femoral) in each group (Fig 1).
Assessment of bone tunnel widths by this method has
previously been validated with computed tomogra-
phy?; the assessor was blinded to the clinical outcome
in each case.

Statistical analysis was performed with SPSS soft-
ware, version 13.0 (SPSS, Chicago, IL). An ad hoc
power analysis was performed, estimating that a min-
imum of 80 patients (40 in each group) would be
required for the study. A power of 0.8 was accepted.
The Student 7 test was used to compare the 2 groups.
P < .05 was accepted as being statistically significant.
Odds ratios were also used to quantify effect size
between the 2 groups.

RESULTS

We originally recruited 114 patients into the study.
Complete data were available for 100 patients who
were randomized to either titanium or HA-PLLA RCI
screws, with 50 patients in each group. The mean age
of the patients receiving the titanium screws was
30.7 = 9.3 years, with that in the HA-PLLA group
being 29.6 * 9.4 years. Table 1 summarizes the
patient details and the surgical procedures, which
were similar in both groups in terms of tourniquet
time, concomitant meniscal surgery, and bone tunnel
diameters.

One patient in the HA-PLLA group sustained
breakage of the screw head during insertion; this tita-
nium screw was overdrilled, and the patient was ex-
cluded from the study. There were 2 ruptures of au-
tograft, 1 in each group, occurring at 6 months in the
HA-PLLA group (bodysurfing) and at 14 months in
the titanium group (soccer).These 2 patients were ex-
cluded from the final analysis. One patient had per-
sistent swelling postoperatively and was subsequently
diagnosed with systemic lupus erythematosus and ex-
cluded. A further 10 patients failed to attend the
follow-up assessment. Therefore 50 patients were pro-
spectively randomized into each group receiving ei-
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FiGure 1. The sclerotic mar-
gins of each tunnel were mea-
sured in 3 zones in the tibia (prox-
imal, middle, and distal) and 2
zones in the femur (middle and
distal) with a vernier caliper.
Measurements were made on
both anteroposterior and lateral
digital radiographs for all patients
in each group. Webster et al.> pre-
viously showed that plain radio-
graphs were satisfactory for as-
sessment of tunnel width. X,
marks proximal part of the femo-
ral tunnel not measured in this
study.

ther titanium or HA-PLLA interference screws for
both tibial and femoral tunnels during ACL recon-
struction.

Scoring Systems

At 24 months postoperatively, the mean Lysholm
scores were 91.7 in the titanium group and 90.5 in the
HA-PLLA group. The IKDC scores were also very
similar at 24 months: 85.2 and 87.5, respectively. As
shown in Figures 2 and 3, there were no significant
differences by use of the IKDC and Lysholm scores
between the 2 groups of patients throughout the fol-
low-up period to 2 years. Specifically, by use of the
IKDC scores, there were no differences regarding effu-

sion, range of motion, or instrumented laxity between the
2 groups. No statistically significant differences were
identified in the individual components of both the Ly-
sholm and IKDC scores. Figure 4 shows no statistical
significance in the sagittal laxity of the 2 groups studied
in our trial, emphasizing the success of both screws.

Looking at the pivot-shift test in both patient groups
compared with the contralateral normal knees, we
found no difference postoperatively using either the
titanium or HA-PLLA screw (Fig 5).

Tunnel Widths

Tibial tunnel widths at each of the proximal, mid-
dle, and distal measurement points were similar in

TABLE 1. Summary of Patients and Operative Procedures

Titanium HA-PLLA
No. of Patients 50 50
M/F 50%/50% 66%/34%
Age (yr) (mean * SD) 30.7+9.3 29.6 94
Right side/left side (%) 60%/40% 56%/44%
Median time between injury and surgery (mo) 5.0 6.0
Tourniquet time (min) (mean = SD) 64.8 £ 20.5 61.8 +134
No. of deranged menisci (repaired/resected) 31 (62%/38%) 31 (42%/58%)
Femoral tunnel drill diameter (mm) (mean = SD) 7.5*+0.5 7.6 = 0.5
Tibial tunnel drill diameter (mm) (mean £ SD) 75+05 77 +0.5

NOTE: There were no significant differences between the 2 groups.
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Figure 2. Comparison of
IKDC scores between the 2
groups. The scores were similar
between the 2 groups throughout
the follow-up period of 24
months. (Pre-Op, preoperatively;
OR, odds ratio; CI, confidence
interval.)
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both groups. The middle femoral tunnel measurement
was different in the 2 groups, with the HA-PLLA
tunnels being wider on both anteroposterior (P = .05)
and lateral (P = .003) films (Fig 6). The distal femoral
tunnel sizes were similar in both groups.

DISCUSSION

Interference screws provide a stable construct to
allow graft-to-bone healing. To our knowledge, this is
the first prospectively published series comparing
identically shaped and sized bioabsorbable interfer-

ence screws with metal interference screws by use of
4-strand hamstring autograft for ACL reconstruction.
The possible advantages of a bioabsorbable screw
include potentially easier revision surgery, minimal
interference with future imaging such as magnetic
resonance imaging, and the theoretically reduced risk
of late hematogenous infection to metal. Previous
publications using bioabsorbable interference screws
with bone—patellar tendon—bone autograft have shown
conflicting results, with similar outcomes to metal
screws in one series® and inferior results in another.”
Bone-to-bone healing should theoretically be quicker
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and more predictable than tendon-to-bone healing.
Therefore adequate and reliable fixation of graft to
bone by use of hamstring autograft is an essential
component of the procedure and depends, at least
in part, on stability provided by the interference
screws. This stability is determined by the mechanical
shape of the screw. A recent study using a bovine knee
model suggested that bioabsorbable poly-D,L-lactide
screws were superior to titanium screws for soft-tissue
graft fixation in terms of stiffness, yield load, and
maximum load.® Two studies have shown equal pull-
out strengths of titanium versus bioabsorbable RCI
screws.%10 Both Zantop et al.® and Brand et al.® sug-

Time (months)

gested that bioabsorbable screws, being materially
softer than titanium, were less likely to lacerate the
soft-tissue graft during insertion. Our study empha-
sizes the success of both titanium screws and HA-
PLLA screws in vivo in terms of functional outcome
and a low rate of graft rupture. There were no cases of
graft injury during insertion of interference screws in
our study. A potential disadvantage of bioabsorbable
screws is screw fracture during insertion, which oc-
curred in only 1 patient in our series.

The perceived advantages of bioabsorbable screws
resorbing and being replaced with bone have yet to be
convincingly shown in vivo. Although some investi-
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gators have found screw dissolution and even new
bone formation at the site of polylactic acid/polygly-
colic acid bioabsorbable screw placement,!! others
have found no evidence of screw resorption up to 4
years postoperatively!'? and no evidence of new bone
formation in the tunnels.!3 Indeed, a recent case report
with 10-year follow-up magnetic resonance imaging
scans showed that all cases had intraosseous cysts
with resorption of the biodegradable screws but no
new bone formation resulting in a possible stress
riser.!* Therefore it is questionable whether revision
surgery would be easier with bioabsorbable screws.
HA-PLLA screws are also significantly more expen-
sive than titanium screws. We believe that the shape
of the interference screw is the most important factor
for graft-bone stability rather than the actual material
property of the screw.

Synovitis with biodegradable implants has been re-
ported.’>-17 This was not a problem in our series;
however, we accept that our study had only 2 years’
follow-up, and therefore very little degradation of
HA-PLLA screws had probably occurred up to that
point.

In our study the femoral tunnels in the HA-PLLA
group were statistically wider in the middle zone
compared with the titanium group (by 1 mm). There
was, however, no difference in terms of clinical out-
come between the 2 groups. We are unsure as to the
significance of this finding. Hydroxyapatite coating of
the screws has been shown to reduce tunnel wall
sclerosis.!® Perhaps this factor could explain our find-
ings by apparently increasing tunnel width compared

Femoral Tunnel Width

with tunnels with titanium screws, which have a more
sclerotic appearance. In addition, the most important
area for graft fixation is at the aperture of the tunnel,
and this was not different between the 2 groups.

Our study is limited, however, in that follow-up is
only to 2 years and we used only 2 different types of
screw material and only 1 design of screw.

CONCLUSIONS

Our study has convincingly demonstrated the suc-
cess of identically shaped bioabsorbable and titanium
interference screws using hamstring autograft for
ACL reconstruction up to 2 years. The shape of the
RCI screws worked very successfully in our series in
providing graft-tunnel fixation.
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