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Baclkground: The purpose of this study was to compare the clinical and radiological results of 2 different tibial fixations per-
formed using bioabsorbable screws with added hydroxyapatite (HA) and pure poly-L-lactic acid (PLLA) screws in anterior cruciate
ligament (ACL) reconstruction.

Methods: A total of 394 patients who underwent arthroscopic ACL reconstruction between March 2009 and June 2012 were ret-
rospectively reviewed. Of those, 172 patients who took the radiological and clinical evaluations at more than 2 years after surgery
were enrolled and divided into 2 groups: PLLA group (n = 86) and PLLA-HA group (n = 86). Both groups were assessed by means of
the Lysholm score, International Knee Documentation Committee (IKDC) subjective knee score, and Tegner activity score. Stabil-
ity was evaluated using the KT-2000 arthrometer. Magnetic resonance imaging was performed to evaluate tibial tunnel widening,
screw resorption, osteoingeration, and foreign body reactions.

Results: The PLLA-HA group showed significant reduction in the extent of tibial tunnel widening and foreign body reactions and
significant increase in screw resorption compared to the pure PLLA group (p < 0.001 for both). In contrast, postoperative Lysholm
score, Tegner activity score, IKDC score, and side-to-side difference on the KT-2000 arthrometer showed no significant differences
between groups (p = 0.478, p = 0.906, p = 0.362, and p = 0.078, respectively). The PLLA group showed more significant widening in
the proximal tibial tunnel than the PLLA-HA group (p = 0.001). In the correlation analysis, proximal tibial tunnel widening revealed a
positive correlation with knee laxity (r = 0.866) and a negative correlation with Lysholm score (r = —0.753) (p < 0.01 for both).
Conclusions: The HA added PLLA screws would be advantageous for tibial graft fixation by reducing tibial tunnel widening,
improving osteointegration, and lowering foreign body reactions. Even though no clinically significant differences were noted be-
tween the pure PLLA group and PLLA-HA group, widening of the proximal area of the tibial tunnel showed a tendency to increase
knee laxity measured using the KT-2000 arthrometer.
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In arthroscopic anterior cruciate ligament (ACL) recon-
struction, it is important to make tibial and femoral tunnel
entrances in the anatomic locations. While much focus
has been placed on the femoral tunnel position, consid-
erably less attention has been given to the tibial tunnel
position.” Bedi et al.” reported that more anterior place-
ment of the tibial tunnel from the posterolateral bundle
to the anteromedial bundle significantly reduced anterior
tibial translation and rotational instability. More anterior
placement of the tibial tunnel than the conventional may
increase the risk of shallow tunnel creation below the tibial
cortex.” Especially in the transtibial technique, formation
of the femoral tunnel in the anatomical position requires
the tibial tunnel entrance to be moved near medial and
articular surface, which leads to a mismatch between the
graft and the tunnel due to reduction of the tibial tun-
nel length, damage to the medial collateral ligament and
pes anserinus, and insufficient spare bone stock due to
the shallow tunnel in the tibial plateau.” If tibial tunnel
widening occurs due to conditions such as osteolysis, the
tibial bone becomes vulnerable to physical stress, which
leads to graft fixation failure and increased possibility of
reoperation.5) Therefore, in order to reduce these risks and
minimize tibial tunnel widening, selecting a proper graft
fixation device is important.”

Recently, the use of bioabsorbable interference
screws is increasing in graft fixation, since they are easier
to remove than metallic interference screws and show
lower diffraction rates during magnetic resonance imaging
(MRI).*” Early bioabsorbable interference screws consist-
ed only of a polymer such as poly-L-lactic acid (PLLA) or
polyglycolic acid. They were vulnerable to dangers such as
failure to convert to bone substitution after disintegration,
increase of delayed inflammation reactivity due to de-
layed disintegration and absorption within the body, and
emergence of a bone cyst lesion due to oxides.” In order to
increase absorption rates of bioabsorbable screws, enhance
osteogenesis after absorption, and reduce oxidation, bio-
absorbable screws with added calcium phosphate, such as
hydroxyapatite (HA), p-tricalcium phosphate (3-TCP), or
calcium carbonate have been developed.”"” Bioabsorbable
screws with added calcium phosphate have been consid-
ered more advantageous than other composite materials as
well as pure PLLA screws, since they speed graft incorpo-
ration, show abundant conversion to cancellous bone, and
decrease acidity while acting as a buffer for PLLA decom-
position product.”'" Yet there have been few articles that
comprehensively analyze the difference of clinical results
and the extent of tunnel widening between pure PLLA
screws and PLLA/HA blend (PLLA-HA) screws, especially

in ACL reconstruction performed using the same surgical
technique at a single institution.

The purpose of this study was to compare the clini-
cal and radiological results of ACL reconstruction per-
formed using HA added bioabsorbable screws and pure
PLLA screws for tibial graft fixation. We hypothesized
that the PLLA-HA screws would result in less tibial tunnel
widening, improved osteointegration, and better clinical
results.

METHODS

Patients

Medical records of 394 patients who underwent primary
ACL reconstruction performed using the same technique
by a single surgeon (JGK) in the same hospital from March
2009 to June 2012 were obtained. The inclusion criteria
for this study were primary ACL reconstruction, unilateral
ACL reconstruction, a minimum 2-year follow-up, and
availability for MRI at 24 months postoperatively. Patients
were excluded if they had ipsilateral fractures, multiple
ligament injuries, infection, reoperation due to complica-
tions, chondral lesions requiring treatment, contralateral
injuries, and any previous knee surgery. Based on these se-
lection criteria, a total of 172 patients were included in the
study (Fig. 1): 86 patients underwent ACL reconstruction
using PLLA bioabsorbable interference screws (BioRCI,

129 Patients with
PLLA screw fixation
Between January 2009 and
June 2010

U

43 Exclusion

265 Patients with
PLLA-HA screw fixation
Between July 2010 and

December 2012

U

83 Exclusion

4 Multiple ligament injury

2 Ipsilateral fracture

5 Chondral lesion

3 Contralateral injury

3 Revision surgery

8 Previous knee surgery
18 Follow-up loss or no MRI

U

86 Final inclusion

7 Multiple ligament injury
4 |psilateral fracture
8 Chondral lesion
7 Contralateral injury
5 Revision surgery
17 Previous knee surgery
1 Infection
35 Follow-up loss or no MRI

U

86 Final inclusion
(matched with PLLA screw fixation
patients among 182 patients)

Fig. 1. Flowchart of inclusion and exclusion of participants. PLLA: poly-L-
lactic acid, HA: hydroxyapatite, MRI: magnetic resonance imaging.
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Table 1. Preoperative Patient Characteristics

Characteristic
Age (yr)
Sex (male/female)
Period from injury to operation (mo)
Clinical follow-up duration (mo)
MRI follow-up duration (mo)
Screw diameter (mm)
Screw length (mm)
Preoperative Lysholm score
Preoperative IKDC SKF

Preoperative Tegner activity score

Preoperative side-to-side difference on KT-2000 (mm)

Meniscus surgery
None
Meniscal repair

Partial meniscectomy

PLLA (n = 86) PLLA-HA (n = 86) p-value

31.1+£56 312+73 0.860
64/22 64/22 1.000
36+17 38+15 0.396
B/ASEREN 31.0£6.1 0.123
272+34 268+3.2 0.519
82+4.1 8.2+42 0.715
262+2.3 260+20 0.724
73.1+£146 722140 0.666
64.2+154 637114 0.831
53+1.1 53+12 0.919
71+13 70+15 0.763
0.471

44 39

6 7

36 40

Values are presented as mean + standard deviation or number.
PLLA: poly-L-lactic acid, HA: hydroxyapatite, MRI: magnetic resonance imaging, IKD

Smith and Nephew, Andover, MA, USA; PLLA group) and
the other 86 patients underwent the same procedure using
the PLLA-HA screws (BioRCI-HA, Smith and Nephew;
PLLA-HA group). The patients in the PLLA-HA group
were matched for age, sex, and preoperative sports activity
level with those in the PLLA group (Table 1). The study
protocol was approved by Inje University Seoul Paik Hos-
pital Institutional Review Board (No. IIT-2012-187).

Surgical Technique and Rehabilitation

All reconstructions were performed with a modified
transtibial technique using a quadruple hamstring tendon
autograft.'” Through the anteromedial portal, a micro-
fracture awl was placed just behind the bifurcate ridge to
make the center of the anatomical femoral tunnel. The
triangular, funnel-shaped bony trough was employed to
slip the eccentrically positioned guide into the anticipated
anatomic center, which is part of the modified transtibial
technique.'”” An ACL guide (Linvatec, Largo, FL, USA)
was used to make the tibial tunnel at an angle of 47.5°, and
the tunnel was positioned in the center of the remnant
ACL stump. The tibial tunnel was made to have the same
thickness as the graft using an expansion reamer. The

C SKF: International Knee Documentation Committee Subjective Knee Form.

guide pin was inserted into the tibial tunnel towards the
preformed funnel-shaped bone trough with a free-hand
technique. The femoral tunnel was made to have the same
thickness as the graft using an expansion reamer. After the
graft passage, femoral fixation was done with Endobut-
ton (Endobutton; Smith and Nephew). Tibial fixation was
performed with a bioabsorbable interference screw and an
additional cortical bone screw with washer at 15° of knee
flexion. The diameter of the bioabsorbable screw was the
same size as the graft. A pure PLLA screw (BIORCI; Smith
and Nephew) was used in the PLLA group and a HA-
added PLLA screw (BIORCI-HA; Smith and Nephew) in
the PLLA-HA group.

The same postoperative rehabilitation was con-
ducted in both groups. Patients were permitted to bear
weight with an ACL support device and to start range of
motion exercises as tolerated immediately after surgery
based on our accelerated rehabilitation program. In knees
with meniscus repair, partial weight bearing with crutch
was performed for 6 weeks. Sports activities were allowed
6 months after surgery after completion of home-based
rehabilitation.
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Clinical Evaluation

Lysholm score, International Knee Documentation Com-
mittee (IKDC) subjective knee score, Tegner activity score,
and KT-2000 (MEDmetric, San Diego, CA, USA) side-to-
side difference were assessed preoperatively, 3, 6, and 12
months after surgery, and once a year thereafter.

Magnetic Resonance Imaging Evaluation

At least 24 months after surgery, MRI was performed using
a 1.5-T MRI scanner (Intera Achieva; Philips, Eindhoven,
The Netherlands) to obtain cross-sectional images perpen-
dicular to the long axis of the tibial tunnel, on which the
cross-sectional area (CSA) of the tunnel was measured.”"*
Using Picture Archiving and Communication System
(Maroview ver. 5.4; MAROTECH Inc., Seoul, Korea),

Fig. 2. Tibial bone tunnel maximum cross-sectional area was measured
automatically by picture archiving and communication system (Maroview
ver. 5.4; MAROTECH Inc.).

boundaries of the tunnel were traced and the automatical-
ly calculated CSA was used for assessment (Fig. 2)."” The
tibial tunnel was measured in the proximal (0.5 cm below
the articular surface), middle, and distal (0.5 cm from the
distal tibial tunnel entrance) parts.">"” The original CSA
was calculated with the diameter of the bioabsorbable
screw used during surgery. The increase in CSA was cal-
culated by subtracting the original CSA from the CSA at
follow-up and dividing it by the original CSA. The value
was presented in percentage.””" Two orthopedic surgeons
(DWL and JHP) measured the values every 2 weeks and
calculated the average values.

In addition to the tunnel widening value, degra-
dation and osteointegration of the bioabsorbable screw
and foreign body reactions within the tunnel were
checked.""'*" The resorption rate of the bioabsorbable
screw was calculated with the following formula:'"®

Resorption rate: V1-V2/V1 x 100 (%)
V1: original screw volume = 3.14 x 1/2 1’ x L
(r: screw diameter, L: screw length)
V2: postoperative screw volume =
3.14 x (1/2 (d1/2 + d2/2))* x L
(d1: minimum diameter, d2: maximum diameter,
L: calculated maximum screw length)

The signal quality of the bone tunnel-screw-graft
system was evaluated to estimate the degree of osteointe-
gration of the screw on T2-weighted images,'"” and was
classified as good (no signal change at the bone/screw in-
terface), partial (a signal change in < 33% of the interface),
some (incomplete integration with a signal change in
33% to 67%), and little (no osteointegration with a signal
change in > 67%) (Fig. 3)."*” The foreign body reactions
were classified as no reaction, edema (high signal in the

Fig. 3. The signal quality of the bone tunnel-screw-graft system was evaluated to estimate the degree of osteointegration of the screw (arrow) on the
coronal view of T2-weighted magnetic resonance imaging and classified as good (A), partial (B), some (C), and little (D).
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Fig. 4. Foreign body reactions (arrow) were classified as no reaction (A), edema (B), or cyst formation (C) on the coronal view of T2-weighted magnetic
resonance imaging.

bone surrounding the tibial tunnel), or cyst (sac-like struc-
ture) formation on T2-weighted images (Fig. 4).>"

Statistical Analysis

All statistical analysis was done using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA), and p < 0.05 was considered sta-
tistically significant. The independent t-test was used to
compare Lysholm score, IKDC score, side-to-side differ-
ence on the KT-2000 arthrometer, and other numerical
data between the 2 groups. The Mann-Whitney U-test was
used to compare Tegner activity score and other non-para-
metric variables. The paired t-test and Wilcoxon signed-
rank test were used to compare preoperative and postop-
erative data between the groups. Either the chi-square test
or Fisher exact test was used to compare categorical data.
The Spearman correlation coefficient was used to analyze
the relationship of screw resorption, osteointegration, for-
eign body reaction, and tibial tunnel widening. The Pear-
son correlation coefficient was used to characterize the
relationship of tibial tunnel widening and joint laxity eval-
uated by the KT-2000 arthrometer. Intraclass correlation
coefficients (ICCs) were calculated to determine intraob-
server and interobserver reliability of the measurement of
tibial tunnel widening on MRI. Power analyses were based
on the following estimation of standard deviation: 20% for
tibial tunnel widening and 30 points for Lysholm score.
These enabled us to detect a difference of 10% or greater
for tunnel widening and 15 points or greater for Lysholm
score with a power of 90.64% between the 2 groups in-
cluding 86 patients each.

RESULTS

Preoperative characteristics of the patients are presented
in Table 1.

Clinical Results

The mean follow-up period for clinical and MRI evalua-
tions was 32.5 and 27.2 months, respectively, for the PLLA
group and 31.0 and 26.8 months, respectively, for the
PLLA-HA group (p = 0.123 and p = 0.519). Both groups
showed significant improvement in the clinical outcomes
(p < 0.001) (Tables 2 and 3). The side-to-side difference on
KT-2000 arthrometer was significantly improved in both
groups (p < 0.001) (Tables 2 and 3). There were no sta-
tistically significant differences in postoperative Lysholm
score, Tegner activity score, IKDC SKE, and side-to-side
difference on the KT-2000 testing between 2 groups (p =
0.478, p = 0.906, p = 0.362, and p = 0.078, respectively).

Radiological Results

The mean increase in the tibial tunnel CSA on the follow-
up MRI was 27.4% in the PLLA-HA group, and 41.3% in
the PLLA group. There was a statistically significant inter-
group difference in the CSA increase in the proximal area
of the tibial tunnel (p < 0.001) (Table 2). The intraobserver
ICC for tibial tunnel widening on MRI was 0.972 (95%
confidence interval [CI], 0.928 to 0.991), and the interob-
server ICC was 0.994 (95% CI, 0.982 to 0.998). The screw
resorption rate was about 38% higher in the PLLA-HA
group (p < 0.001). The PLLA-HA group showed better os-
teointegration (Table 2). Foreign body reactions including
edema or cyst formation were observed on MRI in 89.5%
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Table 2. Comparison of Postoperative Clinical Outcomes and MRI Results

Clinical outcome
Lysholm score
Tegner activity score
IKDC SKF
Side-to-side difference on KT-2000 (mm)
Screw resorption (%)
Tibial tunnel widening (total, %)
Proximal
Middle
Distal
Osteointegration
Little
Some
Partial
Good
Foreign body reaction
No reaction
Edema

Cyst

PLLA (n = 86)

925+76
6.1+13
88.6+10.0
17£15
413+120
413+364
792+36.9
296+ 16.6
15.1+88

19(22.1)

59 (68.6)
6(7)
2(2.3)

9(10.5)
66 (76.7)
11(12.8)

PLLA-HA (n = 86) p-value
929+82 0.478
62+13 0.906
89.9+92 0.362
13212 0.078
79.3+109 <0.001
2714+292 <0.001
440+37.7 <0.001
24.7£230 0.110
134120 0.288
<0.001
7(8.1)
50 (58.1)
21(24.5)
8(9.3)
<0.001
63(73.3)
21(24.4)
2(23)

Values are presented as mean + standard deviation or number (%).
MRI: magnetic resonance imaging, PLLA: poly-L-lactic acid, HA: hydroxyapatite, IKDC SKF: International Knee Documentation Committee Subjective Knee Form.

Table 3. Correlation Analysis of Tibial Tunnel Widening on MRI with Screw Resorption, Osteointegration, and Foreign Body Reaction

Tibial tunnel widening
Proximal
Middle

Distal

Screw resorption

-0.362¢
-0.126
-0.123

Osteointegration Foreign body reaction
—0.845* 0.824*
-0.592* 0.476*
-0.422% 0.294*

MRI: magnetic resonance imaging.
*p<0.01.

of the patient in the PLLA and in 26.7% in PLLA-HA (p <

0.001) (Table 2).

Correlation Analysis between Tibial Tunnel Widening

on MRI and Clinical Outcomes

We analyzed the correlation of tibial tunnel widening on
MRI with knee laxity evaluated by the KT-2000 arthrom-

eter, and Lysholm score. Although, there were no statisti-
cally significant differences in the KT-2000 arthrometer
and Lysholm scores between 2 groups, the PLLA group
showed more significant widening in the proximal area
of the tibial tunnel than the PLLA-HA group. Sixty-nine
(80%) patients in the PLLA group showed tibial tunnel
widening more than 50% (Fig. 5), their mean Lyshom
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score was 87.1 £ 9.2, and postoperative KT-2000 side-to-
side difference was 2.5 + 1.6 mm. The Lysholm score and
postoperative KT-2000 side-to-side difference were 96.3 +
5.3 and 0.6 = 0.3 mm, respectively, in patients in the PLLA
group with tibial tunnel widening less than 50%, which
were statistically significantly different from patients with
tibial tunnel widening more than 50% in the same group
(p < 0.001). Thirty-two (37%) patients in the PLLA-HA
group showed more than 50% increase in the tibial tunnel.
Their mean Lyshom score was 90.7 £ 7.1 and postopera-
tive KT-2000 side-to-side difference was 2.0 + 1.7 mm.
The Lysholm score and postoperative KT-2000 side-to-
side difference were 97.5 + 2.0 and 0.4 + 0.3 mm, respec-
tively, in patients with tunnel widening less than 50% in
the same group, showing statistically significant differ-
ences from patients with tibial tunnel widening more than
50% in the same group (p < 0.001). Among all patients,
101 patients (59%) showed tibial tunnel widening more
than 50%. Their mean Lyshom score was 90.8 + 7.8 and
postoperative KT-2000 side-to-side difference was 2.2 + 1.6
mm. The Lysholm score and postoperative KT-2000 side-
to-side difference were 94.6 + 5.3 and 0.5 + 0.3 mm, re-
spectively, in the other patients with tibial tunnel widening
less than 50%, showing statistically significant difference
from those with tibial tunnel widening more than 50% (p
<0.001).

On the correlation analysis, widening of the proxi-
mal tibial tunnel was found to be significantly correlated
with screw resorption, osteointegration, and foreign body
reactions (Table 3).

In the overall trend analysis, the increase in the
proximal area of the tibial tunnel revealed a positive cor-

Fig. 5. Coronal (A} and sagittal (B) views
of magnetic resonance imaging after
anterior cruciate ligament reconstruction
using the poly-L-lactic acid screw showed
significant widening in the proximal area
of the tibial tunnel (arrow).

Table 4. Correlation Analysis of Tibial Tunnel Widening on MRI with

Clinical Outcomes

Tibial tunnel widening on MRl Lysholm score  KT-2000 SSD
Proxiaml —0.753* 0.866*
Middle —0.349* 0.403*
Distal -0.134 0.187'

MRI: magnetic resonance imaging, SSD: side to side difference.
*p<0.01.'p<0.05.

relation with knee laxity, and a negative correlation with
Lysholm score (p < 0.01) (Table 4).

DISCUSSION

The results of the current study demonstrated that hy-
droxyapatite-containing bioabsorbable screws significantly
reduce the extent of tibial tunnel widening and foreign
body reactions and increase screw resorption compared to
pure PLLA screws.

Since hydroxyapatite particles have a structure
similar to that of bone minerals, they have been assumed
to be conducive to osteogenesis. Increased osteogenesis
is advantageous since it decreases micromotion between
the graft and a screw during rehabilitation, enhances os-
teogenesis around the screw, and conserves bone stock
for reoperation.'” In animal experiments using rats, HA-
added screws showed statistically significantly enhanced
osteogenesis than pure PLLA screws and significantly
lower inflammation reaction rates in histological examina-
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tion.” Tamai et al.”” reported that HA has a reinforcing
effect on the mechanical properties of the matrix due to its
high modulus of elasticity and compressive strength. It has
also been suggested that bioabsorbable screws with added
calcium phosphate are more effective in terms of postop-
erative stability, osteogenesis, and biocompatibility.
Moisala et al."¥ demonstrated that compared to
metal screws, bioabsorbable screws made of PLLA without
calcium phosphate components resulted in a significantly
high level of anteroposterior expansion of the tibial tun-
nel on MRI and knee laxity. This is because even though
the two screws had biomechanically similar traits, bio-
absorbable screws contributed more to tunnel widening
since their components, such as PLLA, were absorbed and
reacted differently from those of metal screws. Lind et
al.”” reported that compared to metal screws, HA-added
bioabsorbable screws showed significantly less tibial tun-
nel widening on X-rays although no differences were
observed in clinical results; however, they stated that the
results were obtained 1 year after operation, limiting the
validity of their findings. Robinson et al." reported that
computed tomography (CT) scans showed the HA-added
bioabsorbable screws resulted in less tunnel widening
and 50% less cortication around screws than pure PLLA
screws. However, these studies had common limitations:
the small comparison group and the lack of clinical evalu-
ation. Results of the current study were congruent with
previous studies: MRI at minimum 2 years after surgery
showed HA-added PLLA screws resulted in less tibial tun-
nel widening than pure PLLA screws. Although clinical
outcomes at minimum 2 years after the surgery showed no
significant differences between the 2 groups, large tunnel
widening in the area close to the joint line showed a cor-
relation with joint instability. Moisala et al."” showed that
the anteroposterior diameter of the tibial tunnel on MRI
was correlated with the knee laxity testing. We assumed
that the most important factor in graft fixation is the ap-
erture of tunnel, which has more influence on the laxity
of the graft than the midsection, even though there was
no statistically significant correlation established between
the extent of tunnel widening and the clinical results.” In
addition, since large tunnel widening can cause significant
problems during revision surgery, we should not overlook
its importance. Previous studies revealed that tibial tunnel
widening was frequently maximal in the mid-zone of the
tibial tunnel and occurred in the plane of movement of the
knee joint.zs‘zs) On the other hand, Frosch et al.'” reported
85.2% of enlargement of the proximal third of the tibial
tunnel although the mean value of the whole tibial tunnel
was decreased on MRI at 12 postoperative months. They

postulated that despite bone ingrowth, tunnel widening
was not avoided in the aperture area, even though the
screw was placed close to the joint line. In our study, the
extent of tunnel enlargement was the most in the aperture
area similar as in the study of Frosch et al."” Weber et al."
also revealed that CSA at the aperture and midsection of
the tibial tunnel generally increased to the 24th postop-
erative week, with progressive tunnel narrowing thereaf-
ter. They suggested that tunnel expansion at time points
greater than 6 months may result in poor graft/bone heal-
ing, which may lead to increased instability over time. The
etiology remains uncertain, but it might be multifactorial
related to both biological and mechanical factors.

Many studies reported that bone tunnel widen-
ing did not directly affect graft laxity or reconstruction
failure."*” Theoretically, however, a decrease in the space
between the graft and bone facilitates graft incorporation
and allows better knee joint stability, so further clinical
research is required.” We postulated that an amorphous
loose connective tissue, which was enveloped by the graft/
bone interface, could provide either a temporary or per-
manent anchorage; however, such change was more ham-
pered in the pure PLLA group due to more foreign body
reactions.

Unlike B-TCP, HA is a natural mineral material that
shows affinity to bone and contains high biocompatibility,
since it is similar to mineral component which consists of
teeth and bones of mammals.””

Limitations of this study were as follows: first, this
study was retrospective, thus there may have been bias in
group selection. In addition, the 2 different tibial fixations
were not performed in same period. Second, bone replace-
ment scale could not be precisely examined because CT
scans were not used in evaluating the extent of tunnel wid-
ening. However, MRI can provide sufficient information
on the status of bioabsorbable screws and bone tunnel®
and is superior to CT in evaluating the graft and foreign
body reactions. Also we did not want to impose additional
cost and cause radiation exposure to the patients. Third,
we did not evaluate the femoral tunnel because there
were no different variables related to the femoral tunnel
between 2 groups. Finally, the minimum 2-year follow-
up was relatively short to conclude on the extent of tunnel
widening and clinical results. Further follow-up studies
and research on the results of treatment are required.

The significance of this study is that, the resorption
rate of bioabsorbable screws, the extent of tunnel widen-
ing on MRI, and clinical functions were evaluated in 172
patients with a minimum 2-year follow-up after ACL re-
construction performed at the same institution.
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In conclusions, the HA added PLLA screws would
be more advantageous for tibial graft fixation by reducing
tibial tunnel widening, improving osteointegration, and
reducing foreign body reactions than pure PLLA screws.
Even though there were no notable clinical differences
between the pure PLLA group and the PLLA-HA group,
tibial tunnel widening in the proximal area showed a ten-

dency to increase knee laxity measured using the KT-2000
arthrometer.
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