| Original Article |

http://dx.doi.org/10.3349/ymj.2014.55.6.1592 . .
pISSN: 0513-5796, eISSN: 1976-2437 | Yonsei Med J 55(6):1592-1599, 2014

YM)

CrossMark
&click for updates

Correlation between Femoral Guidewire Position and
Tunnel Communication in Double Bundle Antetior Cruciate

Ligament Reconstruction

Sang Hyuk Lee,' Jun Young Choi,” Dong Hee Kim,' Bun Jung Kang,' Dae Cheol Nam,'

Hong Kwon Yoon,' and Sun Chul Hwang'

'Department of Orthopaedic Surgery and Institute of Health Sciences, School of Medicine,
Gyeongsang National University, Gyeongsang National University Hospital, Jinju;
ZDepartment of Thoracic and Cardiovascular Surgery and Institute of Health Sciences, School of Medicine,
Gyeongsang National University, Gyeongsang National University Hospital, Jinju, Korea.

Received: December 16, 2013

Revised: February 20, 2014

Accepted: March 18, 2014

Corresponding author: Dr. Sun Chul Hwang,
Department of Orthopaedic Surgery,
School of Medicine,

Gyeongsang National University,

79 Gangnam-ro, Jinju 660-702, Korea.

Tel: 82-55-750-8102, Fax: 82-55-761-9477
E-mail: hscspine@hanmail.net

- The authors have no financial conflicts of
interest.

© Copyright:
Yonsei University College of Medicine 2014

This is an Open Access article distributed under the
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Purpose: The object of this study was to determine the shortest possible distances
of antero-medial (AM) and postero-lateral (PL) guide wire tunnel positions re-
quired to prevent femoral bone tunnel communication in double-bundle anterior
cruciate ligament (ACL) reconstruction using human cadaver knees. Materials
and Methods: The centers of femoral AM and PL bundles of 16 cadaveric knees
were drilled with guide wires and the distances of guide wires, were measured upon
entrance into the bone. Femoral tunnel drilling was performed using transportal
technique. The diameters of AM and PL graft were 8 mm and 6 mm, respectively.
CT scans were taken on each knee, and 3-dimensional models were constructed to
identify the femoral tunnel position and to create AM and PL tunnel virtual cylin-
ders. Thickness of the bone bridge between the two tunnels was measured. Results:
In four out of six specimens, in which the guide wires were placed at less than or
equal to 9 mm, communication was noted. In specimens with guide wires placed at
distances greater than or equal to 10 mm, communication was not noted. The two
groups showed a statistically significant difference (p=0.008). In cases where the
distance between the AM and PL femoral tunnel guide wires was 12 mm, the bone
bridge thickness was greater than 2 mm along the tunnel. Conclusion: The tech-
nique for double bundle-anterior cruciate ligament (DB-ACL) reconstruction that
we show here can avoid bone tunnel communication when AM and PL femoral
guide wires are placed at least 10 mm apart, and 12 mm should be kept to preserve
2 mm bone bridge thickness.

Key Words: Anterior cruciate ligament, femoral tunnel, double bundle recon-
struction

INTRODUCTION

The anterior cruciate ligament (ACL) consists of two bundles, the antero-medial
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(AM) bundle and the postero-lateral (PL) bundle. Rupture
of the ACL is one of the most common ligamentous inju-
ries of the knee.! Over the past years, various different tech-
niques have been developed to reconstruct the torn ACL
under the concept of reproducing the original anatomy of
two bundled ACL.? However, no consensus has developed
to date as to which technique is better among various tech-
niques.® As the focus shifted towards the restoration of the
native anatomy of ACL, recent studies on anatomical dou-
ble bundle-anterior cruciate ligament (DB-ACL) recon-
struction increasingly by showed biomechanical advantag-
es of this technique compared to single bundle-anterior
cruciate ligament (SB-ACL) reconstruction.*'® Unfortunate-
ly, however, the anatomical DB-reconstruction technique is
more technically demanding and increases the risk of com-
plications compared with the SB technique. One of the com-
plications associated directly with the DB-ACL reconstruc-
tion technique is communication of the tunnels. This
complication can occur either intraoperatively or postopera-
tively due to tunnel enlargement. It is a serious complica-
tion that jeopardizes knee stability and graft function.!'"3
Hence, accurate anatomical tunnel placement is an impor-
tant factor for obtaining optimal clinical results in DB-ACL
reconstruction.3!° Despite its importance, few studies have
documented the femoral tunnel distance between the AM
and PL bundles necessary to provide sufficient bone bridge
thickness resistance against tunnel communication in DB-
ACL reconstruction. Additionally, there are no reports on the
distance between AM and PL tunnel guide wires required to
prevent femoral bone tunnel communication during DB-
ACL reconstruction.

The purpose of our study was to evaluate the correlation
between intraoperative femoral guide-wire position and
femoral bone tunnel communication during DB-ACL recon-

struction. We also determined the distance between AM and
PL femoral guide wires required to prevent femoral bone
tunnel communication during DB-ACL reconstruction. We
suggest that a distance of at least 10-mm would have to be
preserved to avoid bone tunnel communication between
AM and PL femoral tunnel guide wires.

MATERIALS AND METHODS

Specimen preparation

Human cadaveric knees (10 males, 6 females) were kept at
-20°C until use. Specimens were thawed for 24 hours at
room temperature before testing. The mean subject age at
the time of death was 60.3£8.6 years (range: 4772 years).
The specimens had no gross deformities, flexion contrac-
ture, or physiologic hyperextension. The specimen were
prepared to include the distal 12 cm of the femur and the
proximal 12 cm of the tibia, and all soft tissues structures
were carefully dissected except the fibers of ACL. We also
used anatomic landmark such as lateral intercondylar ridge
to detect accurate ACL footprint. And the perimeter of the
femoral ACL footprint was marked using a 1.5 mm drill bit.

Femoral guide wire insertion

Fibers that were relaxed in the ACL when the knee was
flexed at 90° were identified as the PL bundle. The center
point of the femoral PL bundle insertion site was visually
defined and marked with guide wires. The remaining fibers
that were taut at 90° of knee flexion were identified as the
AM bundle. Tunnel placement was performed by single
surgeon using guide wires inserted through the center of the
femoral AM and PL footprint of the ACL at a angle of 45°
in the axial plane using anglometer to maintain a constant

Fig. 1. Guide wires were inserted through the center of the femoral anteromedial and posterolateral footprint of the anterior cruciate liga-
ment at angle of 45° in the axial plane on knees flexed at 110°. Two guide wires were inserted in cadaveric femur: (A) Anteroposterior
view. (B) Lateral view.
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enterance angle for each specimens with knee flexion of
110°. The distance between the AM and PL femoral guide
wires was measured with a ruler at the entrance (Fig. 1).

Tunnel creation and measurement

Femoral tunnel drilling was performed using transportal
technique with the knee flexed at 110°. Even though all soft
tissues are dissected, we drilled tunnel with careful atten-
tion in order to avoid iatrogenic damage to the cartilage of
medial femoral condyle and tibia plateau, because ideal
portal is located superior to the medial joint line approxi-
mately 1.5 centimeters medial to the border of the patellar
tendon. The reamer diameters of the AM and the PL tun-
nels were defined and set at 8§ mm and 6 mm, respectively,
since it is commonly used parameter to standardize for
3-dimensional simulation. Divergent tunnel placement for

Table 1. Knee Morphology Differences in Cadaveric Knees

the double bundles was based on an angle of 45° in the axi-
al plane. The bone bridge between the two tunnels was
carefully inspected to ensure whether a tunnel communica-
tion occurred or not in the virtual AM tunnel cylinder and
the virtual PL tunnel cylinder created by Geomagic® Soft-
ware (Research Triangle Park, NC, USA). CT scans of
each knee were taken. From the CT images, landmark bony
morphology such as notch width, and condylar size of each
cadaveric knees was measured (Table 1). A 3-dimensional
model of each knee was reconstructed using MIMICS®
software (Mimics 12.3, Materialise, Belgium) to identify
femoral tunnel positions. Geomagic® Software was used to
create the virtual AM and PL tunnel cylinders on the femo-
ral side (Fig. 2). Bone bridge thickness between the two
tunnels was measured twice on the femoral side at three lo-
cations: femur entrance, mid-portion, and exit by two expe-

Parameter (mm) Male (n=10) Female (n=6) p value
Notch width 18.83 (+2.41) 16.50 (£2.09) 0.001%*
Bicondylar width 76.45 (£3.53) 66.92 (£3.02) 0.001*
Medial condyle 27.40 (£2.50) 23.38 (+1.99) 0.001*
Lateral condyle 30.15 (£2.19) 27.02 (£1.71) 0.001*
Parameter (mm) Communication No communication p value
Male (n=10) 2 8
Notch width 18.73 (+2.13) 18.86 (+1.70) 0.600
Bicondylar width 75.95 (£3.74) 76.58 (£3.02) 0.694
Medial condyle 27.05 (£2.62) 28.15 (£1.58) 0.600
Lateral condyle 29.92 (£2.45) 30.20 (£1.65) 0.600
Female (n=6) 2 4
Notch width 15.92 (+1.70) 16.78 (+1.56) 0.064
Bicondylar width 66.17 (£3.37) 67.29 (£2.81) 0.060
Medial condyle 23.30 (£1.92) 23.41 (+1.32) 0.171
Lateral condyle 26.94 (+1.84) 27.05 (£1.61) 0.171

*pvalue <0.05 was considered significant.

A

Fig. 2. The virtual anteromedial and posterolateral tunnel cylinders were created at the femoral side using Geomagic Software (Research
Triangle Park, NC, USA) and bone bridge thickness were measured. (A) Anteroposterior view. (B) Lateral view.
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rienced orthopaedic surgeons at 4 weeks apart.

Statistical analysis

The SPSS software package (SPSS Inc., Version 18, Chica-
go, IL, USA) was used to perform statistical analyses. Mann-
Whitney test was used for comparision of bony morphome-
tery of cadaveric knees. A Fisher’s exact test was performed
to compare the differences in communication occurrence
rates by femoral guide wire distance. The intra and inter ob-
server reliability were calculated using the correlation coeffi-
cient. Statistical significance was assumed at p<0.05.

RESULTS

Bony morphometric differences in cadaveric knees

In male subject, notch width and condylar size were signifi-
cantly larger than those of female subject (Table 1). Howev-
er, among the same gender, there was no significant differ-
ence in bony morphometry of the knees between the tunnel
communication occurred and not occurred group (Table 1).

Thickness between AM and PL femoral tunnel
determined by 3D reconstruction

In 4 cadaveric knees (66.7%), tunnel communication caused
by bone tunnel drilling was observed on the femoral side at
the level of the entrance and mid-portion. This communica-
tion occurred when the distance between guide wires was
less than or equal to 9 mm between AM and PL tunnel cyl-
inders; images were created by Geomagic Software (Fig. 3).
In the femoral tunnels, the mean bone bridge thickness with-
out communication at the level of entrance was 2.10+0.72
mm (range: 1.57-3.89 mm). The mean distance between

the mid-portions of AM and PL femoral bone tunnels with-
out communication was 4.454+2.29 mm (range: 4.87-7.17
mm). The mean distance between the exits of AM and PL
femoral bone tunnels without communication was 8.10+
2.14 mm (range: 2.98-11.23 mm) (Table 2). In 4 out of 6
specimens (67%) with guide wires spaced less than or equal
to 9 mm apart, communication was noticed. In specimens
with guide wires space greater than or equal to 10 mm apart,
femoral tunnel communication did not occur. There was a
statistically significant difference between the two groups
(p=0.008) (Table 3). The intra- and inter-observer reliability
of the measurement showed an average 0.986 in the intra-
observer relationship, and 0.954 in the inter-observer rela-
tionship, showing relatively high reliability (Table 4).

Tunnel communication rates in accordance with AM
and PL femoral guide wire distance and femoral bone
bridge thickness

When femoral bone bridge thickness is less than or equal to
2 mm, it is assumed that tunnel widening allows for com-
munication. There was a statistically significant difference
between communication in groups with guide wire distanc-
es of less than or equal to 11 mm and in groups with dis-
tances greater than or equal to 12 mm (p=0.003) (Table 5).

DISCUSSION

The objective of this study was to evaluate the correlation be-
tween femoral guide wire position and femoral bone tunnel
communication. We also aimed to determine the distance be-
tween two femoral guide wires required to prevent femoral
bone tunnel communication in DB-ACL reconstruction. OQur

Fig. 3. Tunnel communication caused by drilling was observed. (A) At the level of the enterance by gross specimen. (B) Along the whole

tunnel using a 3 dimensional virtual cylinder model.
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Table 2. Distance between Anteromedial (AM) and Posterolateral (PL) Femoral Guide Wires at Entrance into the Bone and

Bone Bridge Thickness
Specimen  Distance between femoral Bone bridge thickness
No. guide wires at entrance Entrance Mid-portion Exit
1 9 mm Communication Communication 3.634
2 11 mm 1.621 (20.21) 5.121 (+0.05) 8.267 (+0.14)
3 11 mm 1.833 (20.14) 5.186 (20.11) 9232 (x0.21)
4 9 mm 1.978 (+0.09) 4.876 (+0.04) 7.874 (£0.05)
5 12 mm 2.035 (£0.12) 5.324 (£0.32) 8.223 (+0.175)
6 10 mm 1.563 (£0.07) 5.885 (+0.18) 8.642 (+0.14)
7 9 mm Communication Communication 7.215 (£0.03)
8 9 mm 1.692 (+£0.16) 5.334 (£0.27) 9.222 (+0.08)
9 9 mm Communication Communication 2.976 (£0.04)
10 10 mm 1.723 (£0.21) 5.143 (£0.12) 9.125 (£0.35)
11 12 mm 2.014 (£0.09) 6.414 (£0.14) 10.728 (£0.23)
12 12 mm 3.289 (£0.05) 5.865 (£0.21) 8.612 (£0.16)
13 11 mm 2.016 (£0.21) 4.974 (0.17) 7.821 (+0.12)
14 10 mm 1.732 (20.14) 5.125 (+0.09) 9.125 (+0.21)
15 9 mm Communication 4.895 (+0.08) 7.717 (£0.13)
16 12 mm 3.898 (+£0.13) 7.149 (£0.16) 11.265 (£0.05)
Mean distance 1031 mm (+1.14) 2.12 mm (£0.88) 5.48 mm (£2.55) 7.88 mm (+3.04)

Table 3. Bone Bridge Communication Occurrence Rate at Femoral Guide Wire Distances of Less Than 10 mm and Greater

Than or Equal to 10 mm

Femoral guide wire distance Communication (%) No communication (%) p value
<9 mm 66.7 333
N 0.008*
>10 mm 0 100
*pvalue <0.05 was considered significant.
Table 4. Intra- and Inter-Observer Reliability (n=16)
Observer 1 Observer 2 Mean Observer 1 vs. 2 Mean
ICC 0.982 (p<0.001) 0.991 (p<0.001) 0.986 0.954 (p<0.001) 0.954

ICC, interclass correlation coefficient.

Table 5. Bone Bridge Communication Rates When Femoral Guide Wire Distances Were Less Than 12 mm and Greater Than
or Equal to 12 mm in Relation to Bone Bridge Thicknesses of Less Than 2 mm

Femoral guide wire distance Communication (%) No communication (%) p value
<11 mm 91.6 8.4
N 0.003*
>12 mm 0 100

*pvalue <0.05 was considered significant.

most important finding was that two thirds of cadaveric
knees (67%) displayed tunnel communication after tunnel
drilling at AM and PL femoral guide wire distances of less
than or equal to 9 mm. This finding indicates that when
guide wire distance is less than or equal to 9 mm, there is a
higher risk of communication intraoperatively during ream-
ing versus the group with guide wires greater than or equal
to 10 mm.

Several studies suggest that in DB-ACL reconstruction
technique, AM and PL reconstructed grafts share the load

during normal knee range of motion, and that the presence
of the PL bundle can restore normal knee rotation more
readily.'*!> However, DB-ACL reconstruction technique is
technically more demanding and more prone to complica-
tions for inexperienced surgeon. In addition, DB-ACL re-
construction technique has relatively limited indications,
compared with SB-ACL reconstruction technique.>'¢ Espe-
cially, the most difficult part of DB-ACL reconstruction is
to create two tunnels in the femur while keeping an intact
bone bridge between them." One of the complications as-
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sociated directly with the double bundle technique is com-
munication of the femoral tunnels.""'* The plausible etiolo-
gy of tunnel communication is multifactorial with several
mechanical and biological contributing factors.'® In this
study, we focused on verifying the cause of geometrical
tunnel communication associated with bone tunnel bridge
thickness according to femoral guide wires distance. There-
fore, it was necessary to determine the distance between
AM and PL tunnel guide wires required to prevent femoral
bone tunnel communication in DB-ACL reconstruction. To
our best knowledge, no previous studies have focused on
femoral guide wire distance and tunnel communication fol-
lowing DB-ACL reconstruction. The present data indicate
that AM and PL femoral tunnel guide wires should be at
least 10 mm apart to avoid bone tunnel communication. A
few studies on bone bridge thickness following DB-ACL
reconstruction only have been reported. Specifically, Bas-
dekis, et al.!” applied CT to evaluate and validate the posi-
tion of femoral tunnels after DB-ACL reconstruction. This
study found that bone bridge thickness at the level of the
entrance was 2.9 mm. Lehmann, et al.* conducted a study
on cyclic loading in cadaveric knees to test varying bone
bridge thicknesses during DB-ACL reconstruction, and
found that a 1-mm bone bridge thickness resulted in signifi-
cantly reduced structural properties of the graft-femur com-
plex compared to a 2- or 3-mm bone bridge thickness.
Hantes, et al."" applied CT and determined that the well-de-
fined triangular bone bridge established between the AM
and PL tunnel at the femoral side had a mean bone bridge
thickness of 2.2 (+0.9) mm at the entrance, 5.2 (+2.3) mm at
the mid-portion, and 11.4 (+4.5) mm at the exit. This study
is an in vitro cadaveric study, and did not consider each
specimen’s anatomic variations such as notch shape and
footprint size. Furthermore, the study defined the size of
reaming diameter at 8 mm for AM and 6 mm for PL tunnel,
however, surgeons clinically can select different reaming di-
ameter case by case. Some studies suggest that 6 or 7 mm
graft thickness is most appropriate for AM bundle,'3!?2
however, we standardized 8 mm tunnel for AM bundle in
this experimental cadaveric study because basic science is
the foundation for the clinical research and ultimately treat-
ment strategies and also we tried to occupy as much native
footprint of AM bundle as possible by graft. The present in
vitro cadaveric basic science study is more standardized
than the clinical research. Therefore, we could obtain more
accurate and credible results, and such results play an im-
portant role and are expected to form the foundation of clini-

cal outcomes and strategies of surgical treatments. As men-
tioned above, we described herein the anatomical femoral
AM and PL tunnel position by gross footprint center using
anatomic landmark such as lateral intercondylar ridge and
perimeter of ACL bundle instead of using a ‘Quadrant as-
sessment method” described by Bernard, et al.?® that mea-
sures femoral tunnel position using radiographic data. In
the present study, radiologic method was not used to deter-
mine anatomical ACL footprint center, because the actual
arthroscopic operation does not use radiologic modalities for
determining each different bundles center of ACL. Howev-
er, there is a possibility that our technique to determine the
ACL footprint center could not represent accurate ACL foot
print center, therefore, we cautiously suggest that we found
the exact anatomical ACL footprint center in this study. At
this point, we need to introduce engineering concepts in or-
der to evaluate distance, based on distance of inserted pins,
size of reamer and remaining bone bridge thickness be-
tween two tunnels. If the distance between guide wires was
greater than 10 mm, by using reaming radii of 4 mm and 3
mm for AM and PL, respectively, the actual reaming should
be as expected, and the bone bridge at the entrance should
be greater than 2 mm. In this study, we showed that the
bone bridge at the entrance was smaller than 2 mm in some
cases. The reason for this discrepancy between what was
observed and what was expected might be found in the fact
that tunnel size was inadequate due to the use of a flexible
guide wire and micro-motion during reaming. Hensler, et
al.** found that if a drill angle is vertical to the ACL foot-
print, the tunnel entrance aperture would be circular and the
tunnel length would equal to drill diameter. However, as
drill angle increases, tunnel entrance aperture widens and
lengthens. If the two tunnels were not parallel and reaming
occurred at an angle with one another, bone bridge thick-
ness would be less than expected.

Over the last few decades, many groups reported ana-
tomical DB-ACL reconstructions that have tunnel enlarge-
ment complications,''* and many studies demonstrated
that the majority (75%) of tunnel widening occurs during
the first 3 to 6 months.!"!72¢ Tunnel enlargement could be
caused intraoperatively by the surgical procedure, by graft
fixation with hardware, or by a multifactorial process early
in the postoperative period. Graft tunnel motion may impair
bone resorption, contributing to tunnel widening which is
caused by bungee cord effect, windshield wiper effect, and
redirecting forces at the tunnel aperture.***** Previous stud-
ies suggest that, despite the utilization of different materials
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and methods, intraoperative or postoperative bone tunnel
communication can be avoided with a bone bridge of 2 mm
along the tunnel.*#>% In this study, when guide wire dis-
tance was less than or equal to 11 mm, only one specimen’s
bone bridge thickness was greater than 2 mm at the en-
trance. When guide pin distance was 12 mm, each speci-
men’s bone bridge thickness was greater than 2 mm along
the tunnel. It is assumed that there is a high risk of tunnel
enlargement that promotes communication at bone bridge
thicknesses of less than 2 mm.? In these cases, the AM and
PL femoral guide wires should be at least 12 mm apart to
avoid postoperative bone tunnel communication during
DB-ACL reconstruction.

The present study had several limitations that require
consideration. First, we used ruler for measuring the dis-
tance of enterance of two femoral tunnel instead of caliper.
Therefore, bias arising from measurement error is likely to
have occurred. Second, there are multifactorial factors that
influence the tunnel communication. However, we did not
consider other factors, except geometrical distance of guide
wires and bone bridge thickness. The third weakness was
that the average age of the cadavers (mean age: 60.3+8.6,
range: 47-72) was significantly greater than the average
age of most patients undergoing DB-ACL reconstruction.
Hence, the cadaveric specimens used in the present study
might not represent anatomical features and bone quality of
femurs in patients undergoing ACL reconstruction. Even
though no specimens had osteoarthritic changes, the ages of
the specimens should be considered in such anatomical stud-
ies. Fourth, the enterance angle of tunnel was fixed at 45° in
the axial plane using anglometer to maintain a constancy for
each specimen. However, such technique is thought to have
several limitations; it does not ensure a repeatable standard-
ized angle for tunnel, and this might result in human error
and bias. Consequently, these specialized setting technique
for DB-ACL reconstruction might significantly be different
from in vivo situation. On the other hand, the present study
does have several strong points. Several recent studies have
examined the utility of conventional radiography, CT, and
MRI for evaluating bone tunnel locations after DB-ACL re-
construction. However, all these imaging methods suffer
from various limitations. The present study is the first to
display a 3-dimensional image of the whole tunnel position
and to report tunnel communication occurrence during DB-
ACL reconstruction. The study was conducted using 3-di-
mensional images instead of 2-dimensional images by 3-di-
mensional reconstruction to confirm geometry at all ranges,

observe tunnel communication, and measure distances more
precisely. Our study reflects the level of technical variation
that surgeons encounter, such as bone bridge communica-
tion that can occur during intraoperative drilling due to mi-
cro-motion of the flexible guide pin and inadequate femoral
tunnel angles. Moreover, this novel imaging method will
contribute to greater accuracy of ACL reconstruction sur-
gery and will help surgeons confirm the success of surgical
techniques, thereby improving clinical outcomes.

The technique described hurein for DB-ACL reconstruc-
tion will make it possible to avoid bone tunnel communica-
tion if AM and PL femoral guide wires are placed at least
10 mm apart, and 12 mm should be kept to preserve 2 mm
bone bridge thickness.
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