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Abstract

Background: Approximately 100 000 anterior cruciate ligament (ACL) recon-

structions are performed in the USA each year. Interference screw fixation is

considered the standard for rigid fixation of the graft and provides higher fix-

ation strength compared with other devices such as staples or buttons. The

present study summarizes the latest evidence comparing the effectiveness

of the available classes of interference screws for fixation of ACL grafts.

Sources: A comprehensive search of the CINAHL, PubMed, Google Scholar,

Embase Biomedical databases and the Cochrane Central Registry of Con-

trolled Trials was performed in March 2013. Twelve studies met our inclusion

criteria.

Areas of agreement: Most studies showed no intergroup difference in terms

of outcomes measured with validated clinical scores such as IKDC (Inter-

national Knee Documentation Committee), Lysholm score and Tegner activ-

ity level. There was no significant difference regarding range of motion.

Knee stability as evaluated with pivot shift and KT arthrometer showed a sig-

nificant difference only in one study, favouring metallic interference screws.

Tunnel widening is much more evident and marked patients who underwent

ACL reconstruction with bioabsorbable screws, with no influence on the final

clinical results achieved. Complication rates between the two screw classes

were similar. The average modified Coleman methodology score was 74.67.
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Areas of uncertainty/research need: The data comparing the outcomes

achieved by two different materials for fixation, bioabsorbable and metallic,

to be used during single-bundle ACL reconstruction, showed no significant

difference in the final patient outcomes, in terms of clinical scores, clinical

evaluation and imaging.

Key words: ACL reconstruction, ACL fixation, metallic screw, bioabsorbable screwt

Introduction

Injury of anterior cruciate ligament (ACL) is one of
the most common events in sports medicine.1 Approxi-
mately 100 000 ACL reconstructions are performed in
the USA every year, and current techniques for this pro-
cedure allow good-to-excellent results in ∼85–95% of
patients.2–8

The anterior cruciate ligament is essential in restrain-
ing the anterior translation of the tibia over the femur
and provides rotational stability of the joint. ACL
lesions usually occur as a result of a particular pattern
of movement, most commonly when a sudden force
(i.e. external impact, landing on feet etc.) acts on a
straight knee with firmly planted feet causing the knee
to go through a valgus motion with an associated
internal rotation. ACL lesions can be functionally dis-
abling and predispose to further injury, and also pro-
motes early onset of degenerative articular changes.9,10

After an ACL rupture, recurring episodes of joint
instability (‘giving way’) are associated with meniscal
injury, articular cartilage damage and abnormal
osseous metabolism.9,11–13

An ACL tear is commonly treated arthroscopically
using an autograft obtained from the hamstring
tendons or patellar tendon. Graft fixation techniques
have improved over the last decades with the develop-
ment of several fixation procedures and materials.
The use of an interference screw is considered the
standard to provide rigid fixation of the graft and
bone plug to insert in the tunnel, providing higher fix-
ation strength compared with other devices such as
staples or buttons.14,15

The first ACL graft fixation using interference
screws, as early as 1983, was achieved using a metallic
device, obtaining good results.16 At present, titanium
is the most common material used for this class of

devices. Titanium screws provide high initial fixation
strength and promote early integration into the bone,
but, in case of revision surgery, hardware removal
may be technically challenging, and the advantages of
absorbable screws consist of reduced MRI artefacts
and no need to remove the implant, justifying the
widespread use of bioabsorbable screws.17,18

Bioabsorbable materials were developed to over-
come these perceived weak points. Different combi-
nations of synthetic materials have been used: PGA
(polyglycolic acid), copolymers of PGA/PLA (poly-
glycolic acid/poly lactic acid), polyparadioxanone
and various stereoisomers of lactic acid, poly-L-lactic
acid and poly-D-lactic acid. Recently, biocomposite
materials, composed of a mix of the polymers listed
above, calcium phosphate and brushite have been
also investigated.19,20 The advantages of absorbable
screws, consisting in minimized MRI artefacts and
no need to remove the implant, justify their now wide-
spread use. These devices are very likely to break during
surgery,21 and the integration of compound into bone
might be incomplete and consequently the bone tunnel
could widen.22–24

Our study summarizes and updates evidence for
clinical results, stability testing, complication rates and
imaging assessment of the two available classes of inter-
ference screws for the fixation of ACL grafts in single
bundle reconstructions.We also tried to assess themeth-
odological quality of the studies reviewed in order to
evaluate the level of the available evidence on the issue.

Materials and methods

Literature search and data extraction

A comprehensive search of CINAHL, Pub Med (http://
www.ncbi.nlm.nih.gov/sites/entrez/), Google Scholar
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(http://scholar.google.it/), Embase Biomedical data-
bases (http://www.embase.com/) and the Cochrane
Central Registry of Controlled Trials (http://www.
thecochranelibrary.com/view/0/index.html), from incep-
tion of the database to March 2013, was conducted
to identify all papers reporting outcomes of patients
who had undergone ACL reconstruction. Isolated or
combined keywords used were ‘ACL reconstruction’,
‘ACL fixation’, ‘metallic screw’ and ‘bioabsorbable
screw’. Subheadings were ‘surgery’, ‘outcomes’, ‘path-
ology’, ‘physiology’ and ‘operation’.

All articles relevant to the subject were retrieved
and the bibliographies were searched by hand for
further references in the context of ACL reconstruc-
tion. The search was limited to articles published in
peer-reviewed journals in English and Italian, given
the language capabilities of the research team. We
excluded case reports, letter to editors and articles
lacking the postoperative outcomes of the proced-
ure using the screws investigated here. All journals
were considered with no limit set during online
research.

From each article, two investigators (A.G. and R.P.)
independently extracted the year of publication, type
of study, number of patients, duration of follow-up,
method of management, functional outcome measures,
knee joint stability outcomes, intraoperative and post-
operative complications and imaging evaluations.

After the first electronic search, 196 articles were
identified. Two authors (R.P. and A.G.) independently
reviewed the text of each abstract. Full-text versions
were obtained to include or exclude the study. The
reference lists of the selected articles were reviewed by
hand to identify articles not identified at the electronic
search. Biomechanical reports, studies on animals,
cadavers, in vitro, literature reviews, technical notes
and instructional courses were also excluded, leaving
12 studies to be included in our current review. We
also decided to include only two groups of patients
treated in the study by Jarvela et al.,25 since they were
only comparable in terms of the variables we intended
to analyse, while we excluded patients in that study
who underwent reconstruction different from all
other patients and had not received a different screw
as control.

Quality assessment

Each scientific article was scored using the Coleman
Methodology Score (CMS) system,26 an accurate
and reproducible 10 criteria method assessing the
study methodological quality, ranging from 0 to
100. A score of 100 would represent a perfect well
designed study with no influence of bias, chance and
confounding factors. The CMS assesses the method-
ology of a study reviewed using 10 criteria, giving a
total score between 0 and 100. A score approaching
100 indicates that the study has a robust design and
largely avoids chance, various biases, or confound-
ing factors. A score greater than 85 is considered
excellent; scores from 84 to 70 are good; from 69 to
50 are moderate; and less than 50 are poor.

Two investigators (R.P. and A.G.) scored independ-
ently each article and discussed scores reporting evident
difference, until consensus was reached (Table 1).

Results

Number and types of studies

Given the limitations listed above, 1225,27–37 articles
were included in this review, published from October
1995 to March 2013. All examined metallic versus
bioabsorbable interference screws for fixation of recon-
structed ACL grafts. Of the 12 articles, 1125,27–30,32,34–36

were prospective randomized controls trials and 133

was a retrospective study.

Pre-operative feature, study size and

follow-up

Twelve studies were analysed in this systematic review,
for a total 1017 patients (612 males and 405 females).
Metallic interference screws were used in 493 patients
(48.5%), whereas the number of patients undergoing
ACL reconstruction with bioabsorbable interference
screw fixation was 499 (49.1%): the remaining 25
(2.4%) patients were the ones we excluded from the
cohort investigated by Jarvela et al., because they were
undergoing a double-bundle reconstruction with only a
class of screws being involved. This made them not
comparable to the rest of the sample patients analysed
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in all the included studies. Therefore, the mean number
of patients in each study after this distinction was 82.

The median duration of follow-up was 27.3 months.
Detailed data are provided in Table 2.

Quality assessment

The average modified Coleman methodology score
was 74.7 (Fig. 1). The following four categories had,
respectively, the lowest scores: mean follow-up,
description of subject selection process, description
of given surgical procedure and description of post-
operative rehabilitation. The Coleman methodology
score for each criterion are given in Table 1.

Study outcomes

Range of motion
The range of motion of the knee was evaluated in
two studies.31,34 Drogset et al.34 reported a loss of
extension from baseline between 5° and 10° after
3 months from the procedure in six patients in the
bioabsorbable interference screw group, compared
with only one patient in the metal interference screw
group (P < 0.05). This difference becomes statistic-
ally non-significant between the two groups for all
subsequent evaluations during their follow-up.

Kaeding et al.31 showed that no statistical differ-
ence between the groups analysed in terms of range
of motion at any time.

Knee stability
Most of the included studies reported results of
side-to-side anterior laxity evaluated with KT arth-
rometers in postoperative assessment of ACL recon-
structed and fixed with the two types of interference
screw. Rotational stability is often evaluated with the
pivot shift test.

KT arthrometer was used in 11 studies,25,27,29–37

and 10 of these37,35,25,29–34,36 showed no statistically
significant difference between the group fixed with
metal interference screw and the group fixed with
bioabsorbable screw. Only Drogset et al.27 reported
that, at 2-year follow-up, six patients in the bioabsorb-
able screw group showed an increased laxity compared
with one patient in the metal screw group (P < 0.05).T
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The pivot shift test was evaluated in four
studies:25,27,28,35 Jarvela et al.,25Myers et al.28 and Ben-
edetto et al.35 did not observe any statistically significant
difference between the two groups, whereas Drogset
et al.27 reported better joint stability in the bioabsorb-
able group comparedwith themetallic group (P = 0.04).
Specifically, two patients of the metallic group showed a
pivot glide (laxity measurement between 3 and 5 mm),
while none in the bioabsorbable screw group did.

Knee functional outcome score
Most studies also reported clinical outcomes mea-
sured by International Knee Documentation Com-
mittee (IKDC) score, Lysholm score and Tegner
activity level.

The IKDC score was evaluated in 7 studies25,28–
30,33,35,36 Most of the studies showed no statistically
significant difference between the two groups, but
Laxdal et al.30 indicated that the bioabsorbable

Table 2 Demographic data

Studies Year Level of evidence No of patients operated W M Follow-up (months) Screws
implanted

Bio Met

Drogset et al.27 2011 1 41 22 19 90 (79.2–99.6) 21 20
Myers et al.28 2008 1 100 42 58 24 50 50
Moisala et al.29 2008 1 62 31 31 24 21 41
Laxdal et al.30 2006 1 77 20 57 6 ; 24 38 39
Kaeding et al.31 2005 2 97 32 65 12 ; 24 48 49
McGuire et al.32 1999 1 204 66 138 28.8 103 101
Marti et al.33 1997 3 69 25 44 9.6 in BG and 20.5 in MG 31 38
Drogset et al.34 2005 1 41 22 18 24 21 20
Jarvela et al.25 2008 1 52a 26a 51a 24 27a 25a

Benedetto et al.35 2000 1 40 11 29 24 20 20
Fink et al.36 2000 1 124 89 35 13 67 57
Barber et al.21 1995 2 85 29 56 19 (12–33) 42 43

aWe included only the group of patients undergoing reconstruction with single-bundle technique since they were the only branch comparing two
classes of screws.

Fig. 1 Coleman scores and deviations from the mean value.
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screw group had significantly higher scores compared
with controls receiving metallic fixation (P < 0.05).

The Lysholm score was evaluated in 10
studies.25,27–30,32–34,36,37 Nine37,27,25,28–30,32,33,36

showed no statistically significant difference between
the two groups, but one study34 reported that the
metallic screw group had a significantly better outcome
in measurements after a 2-year-follow-up.

The Tegner activity score was evaluated in 5
studies.30,32–34,37 Three studies30,33,37 did not find
any significant difference between groups. Drogset
et al.34 reported that the metallic screw group had a sig-
nificantly better outcome in measurements after 2-years
follow-up (P < 0.05). McGuire et al.32 reported that the
bioabsorbable screw group had a significantly better
outcome in measurements after 5 years of follow-up
(P < 0.05).

Detailed data on these outcomes for each study
are available in Table 3 and Figure 2.

Imaging evaluation
MRI assessment of tunnel widening was reported in
eight studies.27–31,35–37 Of these, five27,31,35–37

showed no statistical differences between the two
groups, while Myers et al.28 Moisala et al.29 and
Laxdal et al.30 reported that the enlargement of the
tunnels was significantly greater for the bioabsorb-
able interference screw groups.

Moisala et al.29 reported that the mean diameter
of the femoral tunnel anterior–posteriorly was
10.9 ± 2.0 mm in the bioabsorbable screw group and
9.2 ± 1.9 mm in the metallic screw group at 2-year
follow up. This difference between the two groups
was statistically significant (P < 0.01). Laxdal et al.30

reported that tunnels of the absorbable screw group
had an overall larger mean diameter than the metal-
lic screw group (6.2 ± 2.3 mm on the tibial side and
6.3 ± 3.0 mm on the femoral side vs. 3.0 ± 2.2 mm
on the tibial side and 1.9 ± 2.2 on the femoral side)
with a P value of <0.0001. Finally, Myers et al.28

found a wider middle part of the femoral tunnel in
the bioabsorbable screw group when both anterior–
posterior (P < 0.05) and medial–lateral (P < 0.003)
dimensions of the tunnels were measured, but the
tibial tunnel sizes were not different between the
groups.

Intraoperative complications

A total of 29 intraoperative complications were
reported in 628,32,33,35–37 of the 12 studies (rate of
occurrence = 4.6%). These include 22 screws break-
age (75.8% of these occurred intraoperatively), all in
the bioabsorbable screw group; 6 graft damage
(20.7%), 5 in the bioabsorbable screw group and 1 in
the metallic screw group. Also, one patellar fracture
(3.5%) was reported36 during graft harvest, but obvi-
ously this cannot be related to the class of device used.

Post-operative complications

The most frequently reported postoperative compli-
cations included infection, knee effusion and graft
failure.

Eleven25,27–32,34–37 of the 12 studies analysed 62
complications (rate of occurrence = 6.7%); of these,
43 (69.3%) occurred intraoperatively in the bioab-
sorbable screw group and 19 in the metal screw
group (30.6%).

There were 21 graft failures, 12 infections and
knee effusion was reported in 29 patients (Fig. 3).

Discussion

Metal interference screws were first described in
ACL reconstruction surgery16 and bioabsorbable in-
terference screws were developed to overcome some
weak points related to their ferromagnetic quality and
the difficulty in removal during revision surgery.17,18

However, the use of this type of screws does carry
some disadvantages, such as greater chance to break
during surgery and a possible inflammatory response
leading to knee effusion.

This systematic review tries to give clinically rele-
vant evidence comparing the clinical outcomes while
analysing complications and imaging assessment of
bioabsorbable and metallic screws for ACL single
bundle reconstruction to assess whether this more
recent and expensive bioabsorbable fixation can be
as effective as the standard metallic screws.

As for the specific measures taken into account to
assess clinical results obtained by the procedure
using the two different materials, all the studies31,34

presenting range of motion of the knee did not show
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Table 3Outcome scores

Studies Functional outcome scores Knee joint stability measures

Drogset et al.27 Lysholm: 90 (±9) in MG and 89 (±10) in BG (P = n.s.). Pivot-shift test showed less laxity in the BG than in MG (P = 0.04)
KT-1000 arthrometer was 1.8 mm inMG and 1.7 mm in BG (P = n.s.)

Myers et al.28 Lysholm: 91.7 in MG and 90.5 in BG (P = n.s.)
IKDC: 85.2 in MG and 87.5 in BG (P = n.s.)

Pivot-shift test:
In BG 22% of pt ‘+glide’ and 4% ‘++clunk’
In MG 22% ‘−glide’ and none ‘++clunk’ (P = n.s.)

Moisala et al.29 Lysholm: 94 (±7) in BG and 88 (±6) in MG (P = 0.3)
IKDC: BG: 18/20 pt as N or NN andMG: 21/22 pt as N or NN

(P = 0.2)

KT-1000: was 1.7 (±2.9) mm in BG and 1.9 (±2.0) mm in MG (P = 0.5)

Laxdal et al.30 Lysholm: 90 in BG and 94 in MG (P = n.s.)
IKDC: BG: 77% of pt as N or NN andMG: 60% of pt as N or

NN (P = 0.03)
Tegner activity score: 7 in BG and 6 in MG (P = n.s.)

KT-1000: 1 mm in BG and 2.1 mm inMG (P = n.s.)

Kaeding et al.31 NR KT-1000: 1.3 (±2.7) in BG and 0.6 (±1.8) in MG (P = n.s.)
ROM flexion limit: 127.9° (±38.8°) in BG and 121.2° (±47.8°) in MG (P = n.s.)
ROM hyperextension limit: 2.3° (±3.3°) in BG and 3.4° (±4.1°) in MG (P = n.s.)

McGuire et al.32 Lysholm: 95.0 in BG and 97.2 in MG
Tegner activity: 6. 1 in BG and 5.8 in MG

KT-1000: 1.8 mm in BG and 1.6 mm in MG

Marti et al.33 Tegner activity: 4 in BG and 5.5 in MG (P = n.s.)
Lysholm: 97% of pt in BG and 92% of pt in MG had 81–100

points (P = n.s.)
IKDC: BG: 31/31 (100%) pt as N or NN andMG: 36/38 (95%)

pt as N or NN (P = n.s.)

KT-2000: 2.0 mm (±2.2) in BG and 2.2 mm (±2.4) in MG. (P = n.s.)

Drogset et al.34 Tegner activity: P = n.s. between the two groups at any time
except for the 2-year follow-up (P < 0.005)

Lysholm: 97 in MG and 94 in BG (P < 0.05)

ROM: six patients in the BG had an extension deficit between 5° and 10° after 3
months, compared with only one patient MG (P < 0.05)

KT-1000: 0.3 mm in BG and 0.9 mm inMG (P < 0.01)
Jarvela et al.25 IKDC:

BG: 18/21(86%) pt as N or NN and
MG: 19 /20(95%) pt as N or NN (P = n.s.)
Lysholm: 94(±7) in BG and 90(±16) in MG (P = n.s.)

KT-1000: 2.2(±2.9) in BG and 2.1(±2.0) in MG (P = n.s.)
Pivot-Shift Test: BG andMG: 23/23(100%) pt as N or NN (P = n.s.)

Benedetto et al.35 Lysholm: 98.1 (±2.3) in BG and 97.7 (±3.0) in MG Tegner
activity 7.4 (±1.1) in BG and 7.5 (±0.8) in MG

IKDC: BG: 94.5% pt as N or NN andMG: 88.9 pt as N or NN

KT-1000: 1.5(±0.8) in BG and 1.6(±0.8) in MG (P = n.s.)
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significant differences between two groups at long-
term follow-up. Knee stability as evaluated with the
pivot shift and KT arthrometry showed significant
differences only in one study27 in favour of metallic
interference screw. However, the authors were not
able to provide an explanation for this finding.

Regarding the outcome, using validated scores
such as the IKDC score, only Laxdal et al.30 found
difference in outcomes between the devices, classify-
ing 77% of the patients in their bioabsorbable screw
group as normal or nearly normal (IKDC grade A
or B) compared with 60% of the patients in their
metal screw group (P = 0.03). They described these
results as ‘interesting’, and recommended longer
follow-up to draw definitive conclusions about
the clinical superiority of the bioabsorbable material.
All but the study by Drogset et al.34 presented no
difference in Lysholm scores between the two
groups. Nevertheless, they reported that this score at
6 weeks and 2 years were significantly lower in theT
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Fig. 3 Occurrence rate of postoperative complications.

Fig. 2 Outcome assessments used.
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bioabsorbable group instead. They also reported
that this last group had a significantly lower Tegner
score at last follow-up. These authors interpreted
this result as caused by activation of the complement
by integration into bone tissue of the screws leading
to persistent pain in the site due to the inflammatory
response.

On the other hand, McGuire et al.32 reported
that the bioabsorbable screw group scored signifi-
cantly better in clinical outcome measurements of
the Tegner activity level 5 years postoperatively, but
they attributed this outcome to the small sample
examined (n = 3).

Tunnel widening, considered as an inflammatory
reaction to the implanted screw mediated by inflam-
matory cytokines,38–44 has been investigated in many
of the reviewed studies. Three investigations28–30 con-
cluded that this phenomenon, detectable on either the
tibial or femoral side, was much more evident and sig-
nificant at imaging in patients who underwent ACL
reconstruction fixed with bioabsorbable screws rather
than those who received metallic screw implantation.
However, they did not show any association between
this phenomenon and the clinical results, which
appeared to be equivalent in both groups of patients.
Therefore, the final outcome achieved by the patients
did not seem to be ultimately affected by a wider
diameter of the tunnel measured at MRI assessment.

We divided complications encountered into intra-
operative (screw breakage, graft damage and others)
and postoperative (knee effusion, infection and graft
failure). Difference in rates between the two screw
classes did not reach statistical significance in any of
the studies analysed; however, overall intraoperative
and postoperative complications are slightly more
common when using bioabsorbable screws (Fig. 3).
In particular, we considered remarkable how screw
breakages were associated only with procedures
using bioabsorbable screws, which may suggest a
lower intrinsic mechanical resistance of this class of
device. However, screw breakages occurred more
frequently in the early studies, and only when screws
>7 mm in diameter were used.28,32,33,35–37 In this
regard, Mcguire et al.32 suggest that an additional
0.125 mm to the core diameter of the 7 mm screw
would markedly increase the overall strength of the

device, thus reducing the risk of screw ruptures.
Graft damage was also reported in six cases, again
caused by technical difficulties in applying torque in
both classes of device.

Likewise, no overall significant differences in inci-
dence could be found regarding infections and graft
failure, but there was a slight increase in the risk of
effusion in the bioabsorbable screw groups.

Moisala et al.29 reported that graft failures were
more common after procedures using bioabsorbable
screws compared with metallic screws. They dis-
cussed these result claiming that the cause may be
related to the different mechanical properties of the
two classes of materials, affecting graft healing in a
negative way by the bioabsorbable screw.

Finally, we evaluated the methodological quality
of the studies using ColemanMethodological Score,26

a validated score already adopted by authors review-
ing the literature published about many orthopaedic
techniques and disorders.45–48 The average score of 74/
100 shows an overall good methodological quality.
Indeed, most of the studies included in this systematic
review were prospective randomized controlled trials,
providing conclusions supported by a solid level of evi-
dence because of protocol and study design.

Conclusion

The data reviewed comparing the outcomes achieved
by two different materials for fixation screws, bioab-
sorbable and metallic, used for graft fixation in single-
bundle ACL reconstruction, showed no significant dif-
ference in the final patient outcomes achieved, in
terms of clinical scores, clinical evaluation and
imaging assessment. Bioabsorbable materials may be
preferable because of their final osteo-integration, but,
given their higher costs and the equivalent results
achieved when compared with metallic screws, bio-
absorbable screws still cannot be fully supported as
more effective fixation devices.
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