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Purpose: The purpose of the study reported here was to find out if the clinical and magnetic
resonance imaging (MRI) findings of a reconstructed anterior cruciate ligament (ACL) have an
association. Our hypothesis, which was based on the different functions of the ACL bundles, was
that the visibility of the anteromedial graft would have an impact on anteroposterior stability,
and the visibility of the posterolateral graft on rotational stability of the knee.

Methods: This study is a level II, prospective clinical and MRI study (NCT02000258). The study
involved 75 patients. One experienced orthopedic surgeon performed all double-bundle ACL

reconstructions. Two independent examiners made the clinical examinations at 2-year follow-up:
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means of these measurements were used.

clinical examination of the knee; KT-1000, International Knee Documentation Committee and
Lysholm knee evaluation scores; and International Knee Documentation Committee functional
score. The MRI evaluations were made by two musculoskeletal radiologists separately, and the

Results: We found that the location of the graft in the tibia had an impact on the MRI visibility
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of the graft at 2-year follow-up. There were significantly more partially or totally invisible grafts
if the insertion of the graft was more anterior in the tibia. No association was found between
the clinical results and the graft locations.

Conclusion: Anterior graft location in the tibia can cause graft invisibility in the MRI 2 years
after ACL reconstruction, but this has no effect on the clinical recovery of the patient.
Keywords: graft location, tibia, clinical recovery, anteroposterior stability, rotational
stability, anteromedial graft, posterolateral graft

Introduction
The anatomy of the knee joint and the double-bundle (DB) structure of the anterior
cruciate ligament (ACL) were described almost 200 years ago by the Weber brothers.
Since then, there have been a variety of different anatomical studies, cadaveric and
clinical, in which the anatomy of the ACL has been resolved thoroughly in the tibial
and femoral sites."* The anteromedial (AM) bundle of the ACL has been reported
to function in all flexion angles of the knee and the posterolateral (PL) bundle in
near extension. The PL bundle also acts as a restrictor for the rotational forces of
the tibia.?

An ACL tear is a common sports injury and ACL reconstruction is of great inter-
est. Nowadays, the DB reconstruction method is gaining popularity, since the tradi-
tional single-bundle method has been reported to result in residual rotational laxity
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and has failed to prevent knee osteoarthritis (OA).* Several
prospective studies have compared single- and DB recon-
struction methods. The latter seems to give better results and
none of the studies has concluded that DB reconstruction
would be inferior to its single-bundle (SB) counterpart.>'®

The best radiological method for visualizing liga-
ments of the knee is magnetic resonance imaging (MRI)."”
Normal ACL is seen as a hypo-intense structure on T1- and
T2-weighted sequences of the MRI.'° The reconstructed ACL
graft can appear very different in successive MRIs, depending
on when the MRI examination takes place following recon-
struction, because the maturation process of the graft takes
approximately 2 years.'” The MRI findings of both SB and
DB ACL graft disruption includes the absence of intact graft
fibers and T2 fluid signal intensity replacing the graft.”

The purpose of our study was to find out if the clinical and
MRI findings of a reconstructed ACL have an association. Our
hypothesis, which was based on the different functions of the
ACL bundles, was that the visibility of the AM graft would
have an impact on anteroposterior stability, and the visibility
of the PL graft on the rotational stability of the knee.

Materials and methods

Patients

Patient recruitment (N=75) and baseline data collection
were undertaken at our institute between March 2003 and
February 2008. Inclusion criteria were: primary ACL recon-
struction, closed growth plates, and absence of ligament
injury to the opposite knee. All patients underwent a DB
ACL reconstruction. There were 32 isolated ACL ruptures,
20 patients had medial meniscus ruptures, 19 lateral meniscus
ruptures, and four patients had both menisci ruptured at the
time of the surgery. Seven patients had their meniscus fixed
with an endoscopic maneuver and 31 had partial resection.
The remaining 37 patients had their meniscus left in situ.
Sixty-one patients were able to be clinically examined and
MRI was done of 64 at the 2-year follow-up. One patient
went to revision ACL surgery, five patients had an ACL
reconstruction to the contralateral knee, and the others were
lost to follow-up due to long distance.

This prospective study was approved by the local ethics
committee, and a written informed consent form was signed
by every participant. One experienced orthopedic surgeon
performed all ACL reconstructions.

Surgical technique of the DB ACL

reconstruction
The surgical technique used has been described earlier in
detail by Jéarveld in 2007.° In brief, a complete diagnostic

arthroscopy was performed first to detect any associated
injuries — that is, meniscal ruptures and chondral lesions. Two
hamstring grafts were harvested from each operated leg and
each graft was doubled. The femoral tunnels were created
through an accessory AM portal to insertion sites of the AM
and PL bundles of the ACL at the lateral femoral condyle
with a freehand technique as low and deep as possible. The
tibial tunnels were made at the footprint on the tibia with
the aid of a tibial guide. The grafts were inserted into the
femur via tibia tunnels in a retrograde manner and fixed
with bioabsorbable interference screws (Hexalon™, Inion
Co, Tampere, Finland).

Rehabilitation

All patients went through the same rehabilitation. Full
weight-bearing, full range-of-motion, and closed-chain
exercises were allowed immediately postoperatively and no
rehabilitation brace was used. Crutches were used for 3 to
4 weeks. Cycling was allowed with an ergometer bicycle at
4 weeks, running at 3 months, and pivoting sports at 6 months
postoperatively, if the patient had full functional stability.

Clinical 2-year evaluations

Two independent examiners evaluated the patients at the
2-year follow-up. The evaluation methods were: clinical
examination of the knee, KT-1000 arthrometric measure-
ment, and International Knee Documentation Committee
(IKDC) and Lysholm knee evaluation scores. The IKDC
functional score was used to evaluate knee function in daily
activities.

MRI evaluation

MRI evaluations were made with a 1.5T Signa® Excite™
HD imager (GE Healthcare, Little Chalfont, UK) by use
of an eight-channel receiver/transmitter extremity coil.
The mean time between the knee operation and MRI was
22 months. MRI sequences were sagittal T1-weighted,
proton-density-weighted, and T2-weighted fast-spin-echo
(FSE) images with 4 mm slice and 1 mm gap, coronal
T1-weighted and fat-saturated T2-weighted FSE images
with 4 mm slice and 1 mm gap, axial fat-saturated proton-
density FSE images with 4 mm slice and 1 mm gap, and
oblique sagittal and oblique coronal T1 FSE images along
the AM graft plane with 3 mm slice and 0.3 mm gap. Image
interpretation was done with the Impax DS 3000 worksta-
tion (Agfa HealthCare, Mortsel, Belgium) by two muscu-
loskeletal radiologists separately and the means of these
measurements were used. The radiologists were unaware
of the patients’ clinical data.
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Clinical and MRI findings 2 years after DB ACL reconstruction

The measurements of the graft location from MRI were
made using the method reported by Lorenz et al, although
they used computed tomography in their study.?’ The use of
the modified quadrant method with MRI has been recently
described in detail.?' In brief, first the centers of the tunnels
were measured from sagittal images referring to Blumensaat’s
line and to the posterior femoral condyle (Figure 1). These
were then divided by the maximum diameters of the femoral
condyle parallel to and perpendicular to Blumensaat’s line.
On the tibial side, the centers of the tunnels were measured
from the anterior edge of the tibial plateau and then divided by
the maximum diameter of the plateau, which was measured
from the sagittal view (Figure 2).

Graft visibility was evaluated with MRI. A graft was
considered visible when intact graft fibers were seen, partially
visible when only few graft fibers were seen (Figure 3), and
invisible when no graft fibers were seen (Figure 4).'5

Statistics

SPSS software (v 11.0; SPSS Inc., Chicago, IL, USA) was
used to perform the statistical analysis. The calculations of the
differences between the means were done by analysis of vari-
ance and paired sample -test, and those of frequencies, by the
chi-squared test. The significance level was set at P<<0.05.

Results

There were 56 male and 19 female participants in this study
with a mean age of 32 years (standard deviation [SD] 10) and
mean height and weight of 177 cm (SD 9) and 82 kg (SD 16),

Figure | The maximum diameter of the femoral condyle was measured from the
sagittal images parallel to and perpendicular to Blumensaat’s line in millimeters (A, B)
and the tunnel locations in the femur were measured from their own plane (FE, DC).

Figure 2 The maximum diameter of the tibia was measured from the sagittal images
in millimeters (G) and the centers of the tunnels were determined from the anterior
wall of the tibia (H, I).

Figure 3 The arrow indicates a partially visible anteromedial graft in sagittal proton-
density magnetic resonance imaging.
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Figure 4 Both grafts invisible in sagittal proton-density magnetic resonance imaging.

respectively. The mean operation time was 73 minutes
(SD 16) and follow-up 25 months (SD 2).

The first finding in this DB ACL reconstruction study
was that the location of the ACL graft in the tibia had an
impact on the MRI visibility of the graft at 2-year follow-up.
The more anterior graft locations in either of the DB grafts
in the tibia was associated with partial graft visibility or
invisibility on MRI (Table 1). In contrast, there was no such
association between the clinical results and the MRI-based
graft locations in either the tibia or femur (Table 2) and no
association between the clinical results and graft visibility
(Table 3).

There was a statistically significant difference regarding
KT-1000, IKDC function, and Lysholm scores when com-
paring pre- and postoperative status of the operated knees,
with the results favoring the follow-up situation (P<<0.001;
Table 4). Preoperatively, the IKDC final score was abnormal
in 72 patients and severely abnormal in three patients. There
was a clear shift to a more normal situation at 2-year follow-
up, when there were 26 normal, 23 nearly normal, 11 abnor-
mal, and two severely abnormal knees (P<<0.001; Table 4).
One of the patients with a severely abnormal knee had had
had an injury just before the examination and the effusion in
their knee caused the limited range of motion, although they
were otherwise satisfied with their knee. The other patient

Table | Relationship between the tunnel placements of the
anterior cruciate ligament reconstructions and visibility of the graft
as evaluated by magnetic resonance imaging at 2-year follow-up

Tunnel placement Visibility of the graft Significance

Intact Partially Invisible
visible

Anteromedial graft N=59 N=2 N=3
Tibia

From anterior® 43(6) 34(1) 36 (7) P=0.017
Femur

From Blumensaat's 19 (6) 24 (2) 21 (10) NS

line®

From posterior® 28 (5) 28(9) 31 (4) NS
Posterolateral graft N=51 N=9 N=4
Tibia

From anterior® 57(6) 52 (5) 51 (6) P=0.012
Femur

From Blumensaat's 44 (6) 43 (7) 43 (7) NS

line®

From posterior® 42 (8) 47 (8) 43 (9) NS

Notes: Data are presented as mean (standard deviation) unless otherwise specified;
*percentages from the total length of the tibial or femoral condyle; *percentages
from the total length of the condyle from Blumensaat’s line to the distal cortex of
the femoral condyle.

Abbreviation: NS, not significant.

had already had degenerative changes and a limited range of
motion preoperatively, and their status remained similar after
the ACL reconstruction, with no improvement seen.

Discussion

The first finding in our DB ACL reconstruction study with
2-year results was that there were statistically more par-
tially visible and totally invisible grafts where the grafts
were more anterior in the tibia, as measured by MRI. This
was seen in the AM (P=0.017) and PL grafts (P=0.012).
One reason for this invisibility problem may be minor roof
impingement, which can occur if the graft is located too
anteriorly in the tibia. However, there was no association
between graft placement and 2-year clinical observations,
and the grafts were in the correct anatomical position based
on the MRI measurements in the tibia as well as in the
femur. In contrast, Hatayama et al found in their DB ACL
study that those grafts placed more anteriorly in the tibia
resulted in knees more stable in the anteroposterior plane.?
However, when they measured the graft placements 1 year
postoperatively, they used plain X-ray, a method not as
precise as MRI.

The statistical difference in the tibia graft insertions prob-
ably has no clinical relevance, since the difference between
the graft insertion sites in the tibia was approximately 4 mm,
but the impingement may interfere with the graft matura-
tion process, which usually takes approximately 2 years.?
Within this time, the graft goes through ligamentization,
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Table 2 Relationship between the tunnel placements of the anterior cruciate ligament reconstructions (as evaluated by magnetic

resonance imaging) and the rotational and the anterior stability of the knee (as evaluated by the pivot-shift test and the side-to-side

difference in the KT-1000 measurement, respectively) at 2-year follow-up

Pivot shift Normal Nearly normal Abnormal© Significance
(N=41) (N=17) (N=3)
Tunnel placement
Tibia
AM tunnel from anterior® 42 (6) 42 (7) 41 (8) NS
PL tunnel from anterior® 56 (6) 56 (6) 59 (3) NS
Femur
AM tunnel from Blumensaat’s line® 19 (6) 19 (7) 18 (8) NS
PL tunnel from Blumensaat’s line® 42 (8) 42 (9) 45 (3) NS
AM tunnel from posterior® 28 (6) 27 (3) 31 (7) NS
PL tunnel from posterior? 44 (7) 44 (4) 47 (4) NS
KT-1000 difference 0-2 mm 3-5 mm 6-10 mm¢ Significance
(N=40) (N=12) (N=9)
Tunnel placement
Tibia
AM tunnel from anterior® 42 (7) 42 (5) 42 (3) NS
PL tunnel from anterior® 56 (6) 58 (4) 56 (4) NS
Femur
AM tunnel from Blumensaat’s line® 19 (6) 20 (7) 17 (4) NS
PL tunnel from Blumensaat’s line® 43 (8) 43 (9) 41 (6) NS
AM tunnel from posterior? 28 (6) 28 (5) 26 (4) NS
PL tunnel from posterior® 44 (6) 46 (6) 43 (7) NS

Notes: Data are presented as mean (standard deviation) unless otherwise specified; ®percentages from the total length of the tibial or femoral condyle; *percentages from
the total length of the condyle from Blumensaat’s line to the distal cortex of the femoral condyle; “no severely abnormal knees were found in the pivot-shift test; no patient

had more than |0 mm difference in the KT-1000 measurements.
Abbreviations: AM, anteromedial; NS, not significant; PL, posterolateral.

during which the graft receives neosynovium and is
revascularized.

In our study, the clinical measurements and knee scores
were all significantly better at the 2-year follow-up than pre-
operatively. In addition, there was no association between graft
visibility and the 2-year clinical status of the knees in either

Table 3 Relationship between the visibility of the anterior
cruciate ligament graft (as evaluated by magnetic resonance
imaging) and the rotational and anterior stability of the knee (as
evaluated by the pivot-shift test and the side-to-side difference in
the KT-1000 measurement, respectively) at 2-year follow-up

Pivot shift Normal Nearly Abnormal Significance
normal
Visibility of the graft
PL graft
Intact 34 14 3 NS
Partially visible 6 3 0 NS
Invisible | 0 0 NS
KT-1000, mm 0-2 3-5 6-10
Visibility of the graft
AM graft
Intact 38 12 9 NS
Partially visible 2 0 0 NS
Invisible 0 0 0 NS

Abbreviations: AM, anteromedial; NS, not significant; PL, posterolateral.

the anteroposterior or rotational planes, as evaluated with the
KT-1000 and pivot-shift maneuvers. This was also the case
in a study by Saupe et al.>* In their study, they proposed that
the heterogenous signal intensity in T2-weighted sequences
would be due to degenerative changes. Their MRI investiga-
tions were made an average of 80 months postoperatively, so
the ligamentization process should have been already over.
As far as we are aware, there are a total of 14 prospec-
tive and randomized clinical studies on DB ACL surgery,

Table 4 Clinical and functional findings preoperatively and at
2-year follow-up

Finding Preoperatively At 2-year Significance
(N=75) follow-up
(N=61)
KT-1000 difference, 4.3 (1.7) 1.9 3.0) P<0.001
mm
Function score 4(2) 8 (1) P<0.001
Lysholm score 69 (17) 89 (13) P<0.001
IKDC final score, n (%)
Normal 0 (0) 26 (43) P<0.001
Nearly normal 0(0) 23 (38) P<0.001
Abnormal 72 (96) 10 (16) P<0.001
Severely abnormal 3 (4) 2(3)

Note: Data are presented as mean (standard deviation) unless otherwise specified.
Abbreviation: IKDC, International Knee Documentation Committee.
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but none of them has clearly focused on graft location
and the relevance of this. Most have observed that the DB
method produces more stable knees in the rotational®!!:13:18
or anteroposterior plane.®®!"*17 Some studies have addi-
tionally found that their DB ACL reconstruction group had
fewer notchplasties® and better visual analog scale® and knee
scores than its SB counterpart.®’-!>!"18 Suomalainen et al'>'¢
reported that their DB group had a lower reoperation rate due
to graft failure and, in their 8-year study, Zaffagnini et al'®
also reported a lower reoperation rate in their DB group,
although in that study there were also knee problems other
than graft ruptures. They concluded that the DB method
resulted in less OA and a better range of motion than the SB
ACL reconstruction method. Few studies have not found any
difference between SB and DB groups,'*!* and none of the
randomized controlled trials concluded that the DB method
would be inferior to SB ACL reconstruction.?

In contrast to our data, Sonoda et al found in their DB
ACL study that MRI findings and clinical measurements
have a correlation.?® They reported that a higher signal
intensity in the AM bundle correlated with anterior laxity
and, in the PL bundle, with rotational laxity. Their results
were at 1-year follow-up, which may have had an impact on
the data, since the grafts were probably still in the matura-
tion phase.

One limitation of our current study is that the integrity
of the ACL grafts was not affirmed by arthroscopy. The
reason for this was that the patients found to have invis-
ible grafts at MRI had stable knees, thus the need for a
re-arthroscopy was not indicated. Another limitation of
our study is that the MRI was done with a 1.5T imager
using conventional orthogonal sequences with 4 mm slice
thickness. Tunnel location measurement would have been
easier with thin slices or 3D multiplanar-reconstruction
sequences. However, our imaging protocol is also recom-
mended for ACL graft evaluation making it suitable for
clinical work with commonly used 1.5T MR scanners. The
strengths of our study are its prospective study design and
independent examiners. The two radiologists who inter-
preted the images were also blinded to the clinical status.

Conclusion

The anterior graft location in the tibia can cause graft invis-
ibility in postoperative MRI at 2-year follow-up, but this does
not affect the clinical recovery of the patient.
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