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Introduction

In anterior cruciate ligament (ACL) reconstruction, femoral 
tunnel position is especially important to determine knee 
kinematics and consequently clinical outcome. In double-
bundle (DB) ACL reconstruction, each kinematics of 

anteromedial bundle (AMB) and posterolateral bundle 
(PLB), as well as their complementarity, is considered 
more critical. The majority of anatomic studies regarding 
native ACL revealed that the ACL insertion was positioned 
posteriorly to the lateral intercondylar ridge (1-4). 
However, how to create femoral tunnel for ACL graft is still 
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controversial among surgeons; some described a relatively 
narrow insertion area (5-7), while other studies indicated 
a greater femoral insertion that extended widely to the 
articular cartilage margin (1,3,8,9).

Recent morphologic studies of native ACL using human 
cadaveric knees have shown that femoral insertion can be 
histologically and macroscopically divided into direct and 
indirect insertions (10,11). Surgeons should also consider 
large variations among knees, especially in terms of bony 
morphology and ACL itself. Usually, bony landmarks such 
as intercondylar ridge indicate where to place drill holes, 
however, even such bony landmarks have large variety 
among knees (12). On the other hand, with consideration of 
graft function, some surgeons recommend femoral tunnel 
placement near posterior articular cartilage margin (2). 
These differences among ACL surgeons might make them 
confuse the ideal or targeting femoral tunnel position in 
the anatomic ACL reconstructions. Moreover, what kind 
of anatomic landmarks could be available when the bony 
ridges were found to exist very anteriorly or not to exist 
during surgery (12).

A recent trend in ACL reconstruction has been toward 
remnant-preserving technique based on the advantages 
such as better proprioceptive function (13-16), stability 
preservation (17,18), and better graft healing (19-22). 
Among them, we have developed a new approach for femoral 

tunnel creation, called a behind-remnant (BR) approach, 
in remnant-preserving DB ACL reconstruction (23).  
This technique has been developed based on a cadaveric 
study, reporting that the fan-like extension fibers, which 
attach to the indirect insertion, become tense only at 
extension, whereas the midsubstance fibers, which attach 
to the direct insertion, are tense at all flexion angle during 
knee extension-flexion (10). Consequently, a fold is observed 
at the margin between the direct and indirect insertions 
at knee-flexed position, and the fold can be confirmed 
arthroscopically behind the ACL. We have also reported 
that, with arthroscopic observation from the anteromedial 
portal, the direct insertion of the proximal portion of the 
injured ACL were especially well preserved in the majority 
of the cases, whereas the ruptured part of the midsubstance 
was covered with synovial tissue and the fan-like extension 
was differently preserved among the cases (Figure 1) (24). 
The midsubstance covered with synovial tissue would 
indicate the direct insertion of the ruptured ACL (23,24). 
Based on these findings, we found that the BR approach 
enabled us to create femoral tunnels at the posterior border 
of the midsubstance, the direct insertion, without any 
removal of the ACL remnant.

In this article, detailed surgical technique of the BR 
approach in remnant-preserving DB ACL reconstruction 
were described. Biomechanics of the ACL grafts especially 
focusing on graft tensions and femoral tunnel positions 
of the grafts were also evaluated. In addition, short-term 
results using this technique were reported.

Surgical technique

A routine procedure for intra-articular abnormalities 
was performed through anteromedial and anterolateral 
portals using 30-degree arthroscope before starting ACL 
reconstruction. A detailed observation was performed to 
define the portion, type and extent of the injured ACL. 
For the concomitant meniscus and articular cartilage 
injuries, appropriate procedures were determined based 
on the injury status. An oblique 3 cm incision was made 
on the anteromedial tibial surface at the level of the pes 
anserinus. Both gracilis and semitendinosus (ST) tendons 
were identified, and only ST tendon was harvested with an 
open-loop tendon stripper (Smith & Nephew Endoscopy, 
Andover, MA, USA). The harvested ST tendon was cut 
into halves and folded, creating 2 double-stranded grafts 
of at least 5.5 cm in length, then grafts were looped with 
the EndoButton CL-BTB (Smith & Nephew Endoscopy). 

Figure 1 Remnant observation from the behind-remnant 
approach. Posterior margin of the direct insertion of the remnant 
tissue (white arrowheads) in the ACL femoral attachment is 
confirmed with arthroscopic observation behind the remnant tissue 
from the anteromedial portal. ACL, anterior cruciate ligament.
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The open end of each graft was closed with two Krackow 
sutures and a Bunnel suture using No. 2 braided polyester 
sutures. The 2 grafts were kept with tension for more than  
10 minutes on the Graftmaster (Smith & Nephew 
Endoscopy) by Suture Vise with Tensiometer (Smith & 
Nephew Endoscopy).

Femoral tunnel creation was performed with the BR 
approach. None of the remnant tissue was removed for 
creating femoral tunnels. Arthroscopic observation via 
the anteromedial portal with a 30-degree arthroscope 
was practiced (Figures 2,3). Here we describe outside-in 
technique, but transportal technique as well as transtibial 
technique can also be utilized in the BR approach. For the 
PL tunnel creation, a guide wire was aimed at the deepest 
corner of the femoral articular cartilage with a 5-mm 
margin from the articular surface at 90-degree knee flexion. 
For the AM tunnel creation, a guide wire was aimed at the 
posterior border of the direct insertion of the native ACL 
with reference to the articular surface and its upper end. For 
femoral guide wire insertion with outside-in technique, an 
Antero-Lateral Entry Femoral Aimer (Smith and Nephew 

Endoscopy) was used and was set at an insertion angle of 
10° for the AMB and −10° for the PLB. The angle of the 
femoral tunnel in relation to the joint line was aimed at 40° 
for the AMB and 30° for the PLB in the axial plane. For 
both AM and PL tunnels, with the knee at 90° flexion, a 
guide wire was introduced from the lateral femoral cortex, 
over-drilled using an EndoDrill (Smith and Nephew 
Endoscopy), and replaced by a FlipCutter (Arthrex, Naples, 
FL), creating a femoral socket with a diameter matched 
with the graft diameter. The remnant tissue of the ruptured 
ACL at the tibial side was not removed at all for tibial 
tunnel creation 

For tibial tunnel creation, the remnant of the injured 
ACL was also not removed at all at the tibial insertion 
(Figure 4). Tibial guide wires for AM and PL tunnels 
were introduced to the original tibial footprint from 
the anteromedial surface of the tibia at the level of the 
tibial tubercle with the anatomic landmarks of the ACL 
tibial footprint and medial intercondylar eminence 
using ACUFEX Director Tip Aimer (Smith & Nephew 
Endoscopy). For the AM tunnel, the tibial aimer was set 

Figure 2 Femoral PLB tunnel creation using the outside-in technique. (A,B) An Antero-Lateral Entry Femoral Aimer (Smith and Nephew 
Endoscopy) is introduced to aim at the distal end and posterior border of the direct insertion of the remnant tissue with approximately a 5-mm 
margin from the articular surface distally and posteriorly; (C) a guide wire is introduced; (D) the guide wire is over-drilled using an EndoDrill 
(Smith and Nephew Endoscopy); (E,F) the guide wire is replaced by a FlipCutter (Arthrex, Naples, FL), creating a femoral socket with a 
diameter matched with the graft diameter; (G) a loop suture for the PLB graft passage (white) is introduced. PLB, posterolateral bundle.
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Figure 3 Femoral AMB tunnel creation. (A) The Antero-Lateral Entry Femoral Aimer (Smith and Nephew Endoscopy) is introduced 
to aim at the posterior border of the direct insertion of the remnant tissue with approximately a 5-mm margin from the articular surface 
proximally and posteriorly; (B) a guide wire is introduced; (C) the FlipCutter (Arthrex, Naples, FL) is used to create a femoral socket; (D) 
another loop suture for the AMB graft passage (blue) is introduced. AMB, anteromedial bundle.

at an angle of 60°, and the guide wire was aimed 3 mm 
posterior to the anterior margin of the ACL remnant and 
just lateral to the medial intercondylar eminence at an angle 
of 65° from the joint line in the coronal plane. For the PL 
tunnel, the tibial aimer was set at an angle of 55°, and the 
guide wire for the PLB was aimed just lateral to the spine of 
the medial intercondylar eminence at an angle of 45° from 
the joint line in the coronal plane. Then, tibial tunnels of 
the AMB and PLB were created by a cannulated reamer 
with the same diameter as each graft.

The PL graft was first introduced with arthroscopic 
observation, then the AM graft in the same manner. 
Femoral side fixation was performed using the EndoButton 

CL-BTB. Each graft was fixed to an anchor staple with 
sutures at the tibial site at 20° of flexion. Each graft was 
fixed with the tension adjusted to the graft diameter on the 
basis of 25N for the graft diameter of 6 mm, so that the 
initial tensions of both the AM and PL grafts were equally 
stressed (25,26). Graft impingement was checked at knee 
full extension after final fixation (Figure 5).

Postoperative management

The postoperative rehabilitation was undergone for every 
patient with the same protocol. The protocol was not 
modified even when meniscus surgery was performed along 
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Figure 4 Tibial tunnel creation. (A) Guide wire insertion using ACUFEX Director Tip Aimer (Smith & Nephew Endoscopy); (B) for the 
AMB tunnel, the guide wire is aimed 3 mm posterior to the anterior margin of the ACL remnant and just lateral to the medial intercondylar 
eminence; (C) for the PLB tunnel, the guide wire is aimed just lateral to the spine of the medial intercondylar eminence; (D) angles of the guide 
wires. For the AMB tunnel, the tibial aimer is set at an angle of 60°, and the guide wire is inserted at an angle of 60° in the coronal plane. For 
the PLB tunnel, the tibial aimer is set at an angle of 55°, and the guide wire is inserted at an angle of 50° in the coronal plane; (E) the guide 
wires are over-drilled; (F) remnant fibers are minimally resected by a shaver to pass the grafts; (G) loop sutures for graft passage are introduced 
to tibial tunnels (AMB: blue, PLB: white). AMB, anteromedial bundle; ACL, anterior cruciate ligament; PLB, posterolateral bundle.

BA

Figure 5 Reconstructed ACL. (A) Reconstructed ACL (black arrow) is covered with the remnant tissue; (B) graft impingement is checked at 
knee full extension. ACL, anterior cruciate ligament.
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with ACL reconstruction. The postoperative rehabilitation 
protocol was as follows: knee range of motion exercise 
started at 2 days postoperatively from 0° of extension 
to gradual flexion up to 120° of flexion by 4 weeks 
postoperatively. Twenty kg partial weight-bearing was 
allowed at 2 days, and was gradually increased. Crutches 
were removed at 4 weeks. The closed kinetic exercises start 
6 weeks postoperatively as a quarter squatting, then a half 
squatting. Jogging was allowed after accomplishing stable 
one-leg half squatting. The running speed was encouraged 
to increase gradually. After a patient could perform 80% 
of full speed run, athletic exercises related to the previous 
sports or hopeful activities started with definite instructions. 
Athletic exercises were specified to each patient step by 
step to desired sports along with the patient’s athletic 
level. Full athletic activities, then return to sports, were 
allowed 6 months after surgery if the patient did not show 
any problematic symptoms in the joint with sufficient 
muscle recovery after specified athletic training had been 
accomplished. 

Graft tension changes and femoral tunnel 
position

We compared graft tension change of each the AMB and 
PLB and their femoral tunnel positions of the BR approach 
with the control. The study included 23 patients who 
underwent remnant-preserving DB ACL reconstruction 
using the BR approach (BR group) and 25 patients who 
underwent DB ACL reconstruction before we introduced 
the BR approach (control group). In the control group, the 
intercondylar ridge was detected and used as a landmark for 
femoral tunnel creation, and femoral tunnels were created 
based on the bony landmarks. The demographic data and 
laxity data between the 2 groups were not significantly 
different.

This study was approved by our institutional review 
board, and all the patients provided informed written 
consent.

Graft tension changes

During surgery, each AM and PL graft was fixed to the 
SE Graft Tensioning System (Linvatec, Largo, FL, USA) 
provisionally using sutures at the tibial site after the 
two grafts had been fixed on the femoral bony surface 
with the EndoButton CL-BTB (27). A graft-tensioning 
device, named the SE Graft Tensioning System, can help 

quantifying and applying consistent amounts of tension 
to each graft, with an accuracy of 0.83±0.03 N (mean 
± standard deviation) according to the manufacturer’s 
guidelines.

Each AM graft and PL graft was fixed at 20° of knee 
flexion. The tension was applied to each graft adjusted to 
be equal-stress tensioned per cross sectional area on a basis 
of 25 N per 6 mm in diameter, so that both bundles were 
equal-stress tensioned at the time of the measurements (25).  
The graft tension changes of each AM and PL bundles 
were evaluated during knee range of motion. Knee flexion-
extension movement was manually applied from 0° to 
120° with avoiding any translational or rotational forces to 
the leg. The knee flexion angle-graft tension curves were 
described with each graft tension measured at 0°, 15°, 30°, 
60°, 90° and 120°. The same one surgeon performed all 
measurements. He was very careful to apply a same motion 
or load to the knee joint in order to make the inter-rater 
variability small. He performed all measurements three 
times with the results shown as an average. 

The reciprocal tension curves during flexion-extension 
was observed between the AM and PL grafts. That is, the 
PL graft had greater tension than the AM graft between 
0° and 30°, whereas the AM graft showed greater tension 
beyond 60° of knee flexion with no statistical difference 
(Figure 6A). On the other hand, AM and PL grafts showed 
equivalent tension curves in the BR group (Figure 6B). 
The results of the comparison of the average flexion angle 
of the knee to graft tension curves of the AMB indicated 
that the graft tension of the BR group tended higher at 
0 degree, and that was significantly higher at 15 degrees  
than that of the control group  (P=0.14 and 0.038, 
respectively) (Figure 6C). The tension of the 2 groups 
showed no significant difference over 30° of knee flexion. 
The tension curves of the PL graft were not significantly 
different between the 2 groups (Figure 6D).

Femoral tunnel position

The femoral and tibial tunnel positions were evaluated 
by three-dimensional computed tomography (3D-CT) 
taken 1week postoperatively (Figure 7). For assessing the 
femoral tunnel position, the sagittal view with neutral 
rotation of the lateral femoral condyle was used (28). The 
quadrant method reported by Bernard et al. was used to 
describe the center of the femoral bone tunnels of the AM 
and PL grafts (29). The measurement was independently 
performed by two observers, who were blinded to the 
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intra-operative data, using ImageJ software (http://rsb.
info.nih.gov/ij/). Analysis of inter-observer reliability 
yielded an intra-class correlation coefficient of 0.992 (95% 
confidence interval; 0.987–0.995) (30). 

The AM tunnel  posi t ion in the BR group was 

significantly more posterior than that in the control group 
(Table 1). Tunnel position of the PLB in the BR group was 
significantly lower than that in the control group. Smaller 
variances of the AM tunnel position in the BR group was 
indicated with the F test compared with the control group.

Figure 6 Knee flexion angle-graft tension curves. (A,B) Mean knee flexion angle-graft tension curves of the AMB and PLB in the control (A) 
and behind-remnant (BR) (B) groups; (C,D) mean knee flexion angle-graft tension curves of the AMB (C) and PLB (D) in the control and 
BR groups. #, P=0.14; *, P=0.038. Data are expressed as mean ± SD. AMB, anteromedial bundle; PLB, posterolateral bundle.
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Figure 7 Tunnel positions. (A,B) Representative femoral (A) and tibial (B) tunnel positions after remnant-preserving double-bundle ACL 
reconstruction using the behind-remnant approach. ACL, anterior cruciate ligament.
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Clinical outcomes

The followed-up patients with the BR approach consisted 
of 29 male and 19 female (48 in total) with a mean age 
of 23 (range, 14–41) years at the time of surgery. The 
mean time from injury to surgery was 13 (range, 1–72) 
months. Eleven combined medial meniscus injuries 
were treated with 8 repaired and 3 partially removed;  
11 lateral meniscus injuries were treated with 9 repaired and  
2 partially removed; 2 had both medial and lateral meniscus 
injuries (both repaired). This study was approved by our 
institutional review board, and all the patients provided 
informed written consent.

During the follow-up period, one patient sustained ACL 
graft tear with obvious re-injury episode. The other patient 
had contralateral ACL injury in a noncontact situation after 
returning to her pre-injury activity level. With regard to 
new meniscus injury, 1 patient had retear of the repaired 
medial meniscus injury (partially removed) and 3 had new 
medial meniscus injury (repaired). Two patients required 
additional arthroscopic synovectomy due to the prolonged 
extension loss of the operated knee. In both cases, a Cyclops 
lesion was observed in front of the reconstructed ACL, 
and the loss of extension was improved after resection of 
the Cyclops lesion. No patient left more than 5-degree 
extension loss at the final follow-up.

Clinical outcomes are shown in Table 2. Mean KT 
measurements improved from 6.1 mm preoperatively to 
0.6 mm at final follow-up, and the Lachman test and the 
anterior drawer test became negative in all cases. Pivot shift 
result was also improved, although 6 cases had residual 
pivot shift (grade 1: 5 cases, grade2: 1 case) at final follow-
up. Preoperative 79 points Lysholm score improved to 98 
points averagely at final follow-up. Sports activity level 
represented by the Tegner score was maintained from 
preinjury to final follow-up, with mean time required to 
return to athletic activities of 8 months. 

Discussion

The current article showed that the BR approach for a 
remnant-preserving DB ACL reconstruction validated 
consistency of femoral tunnel creation and good clinical 
outcomes. Femoral tunnel creation by the BR approach 
showed higher reproducibility than the conventional 
approach in our institute.

It would be technically difficult to place the tunnels 
in the appropriate anatomic position if the arthroscopic 

observation is performed only from the frontside of the 
ACL remnant when the surgeon attempts to perform the 
remnant preservation ACL reconstruction. The bony 
landmarks as the intercondylar ridge is hard to detect 
without any removal of the remnant insertion. Therefore, 
it is reported to confirm the tunnel position by X-ray 
(19) or C-arm during surgery. Otherwise, some extents of 
the remnant tissue have to be detached from the femoral 
insertion to identify the bony landmarks. Furthermore, 
there are various patterns of intercondylar ridge, and there 
are some cases which do not present the intercondylar 
ridge obviously (12). In such cases, it will be difficult to 
create the femoral tunnels appropriately and accurately 
only dependent on the bony landmarks. With consideration 
of the amount of tissue removal, the BR approach could 
preserve the remnant tissue as much as possible without any 
removal of the remnant tissue at the femoral side. Important 
findings are that the majority of the ACL injured knees 
indicates the original direct insertion of proximal portion 
of the injured ACL with synovial proliferation, which can 
be used as a landmark for the AM tunnel creation. On 
the other hand, the original insertion of the PLB was less 
preserved with less synovial proliferation; therefore, aiming 
position for center of the PL tunnel at 5 mm from the 
deepest articular cartilage surface at 90° of knee flexion, 
with use of other remnant tissue as a landmark, was useful 
for surgeons to create highly reproducible femoral PL 
tunnel. Our important experience of injured ACL with 
the observation from the behind-remnant indicated that 
the remnant of the direct insertion did not move from the 
original position although the freed remnant scar from 
the femoral attachment hanged down anteriorly in some 
cases. On the other hand, the original direct insertion of 
the injured ACL varied among patients in height from the 
articular surface; some had higher insertion site with wider 
fan-like extension, while others had vice versa.

By use of the BR approach, the AM tunnel position was 
more posterior than those by the conventional approach in 
our experience. Regarding the better and more appropriate 
femoral tunnel creation, further discussion will be necessary 
to achieve better clinical outcome. AM tunnel position 
was created lower and deeper than those by conventional 
approach. According to our results of graft tension pattern 
measurements during surgery, the control group indicated 
reciprocal tension pattern by average, which was more 
similar to the tension patterns of native ACL. These 
results will be rational because the centers of the AM and 
PL tunnels in the control group seem to be placed at the 
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centers of the direct insertion site of the AMB and PLB. On 
the other hand, deeply placed AM tunnels in the BR group 
indicated higher tension in extension; consequently, the BR 
group showed an equivalent pattern during knee flexion-
extension. When the femoral tunnel is more posteriorly 
placed, the graft tension becomes tighter with extension 

and looser with flexion (30-32). This might over-constrain 
the reconstructed ACL in the knee than normal ACL, 
causing loss of extension or graft retear (31). However, in 
our case series at 2-year follow-up, only 1 patient (2%) had 
graft retear and there was no patient with extension deficit, 
although 2 patients required resection of the Cyclops 
lesion. In addition, clinical results were satisfactory in both 
subjective and objective findings.

Nevertheless, we believe that it is more appropriate 
to create the femoral tunnel a little more posterior to 
the native direct insertion during an anatomic ACL 
reconstruction, aiming at the posterior margin of the direct 
insertion of the normal ACL for the tunnel center. It will 
be especially the case when soft -tissue grafts are selected, 
considering tunnel expansion and graft deviation in the 
tunnel during the early period after surgery (32,33). Still, 
further studies by randomized controlled trial comparing 
with conventional approach would be needed to verify the 
validity of the posteriorly placed femoral tunnel created by 
BR approach.

Conclusions

In remnant-preserving DB ACL reconstruction, femoral 
tunnels could be created without any remnant tissue removed 
by using the behind remnant (BR) approach. The femoral 
tunnel creation could be possible with high reproducibility 
with the BR approach. More posteriorly placed tunnel by the 
BR approach technique indicated equivalent tension pattern 
both in the AMB and PLB. Short-term clinical results after 
remnant-preserving DB ACL reconstruction using the BR 
approach were satisfactory. 
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Table 2 Clinical outcomes at 2-year follow-up

Outcome Preoperative 2-year follow-up

Mean KT measurements, mm 
(SD)

6.1 (2.1) 0.6 (1.2)

Lachman test, No.

Negative 0 46

1+ 7 0

2+ 39 0

3+ 2 0

Anterior drawer test, No.

Negative 0 46

1+ 10 0

2+ 38 0

3+ 0 0

Pivot shift test, No.

Negative 0 40

1+ 6 5

2+ 24 1

3+ 15 0

Mean Lysholm score (SD) 78.8 (13.6) 97.1 (3.4)

Mean Tegner score (range) 7.0 (4.0–10.0) 7.0 (4.0–10.0)

Mean time to return to sports, 
mo (SD)

– 8.2 (2.8)

Table 1 Femoral tunnel positions of the AMB and PLB

Group
AMB PLB

Depth Height Depth Height

Control 24.6 (6.7) 21.6 (7.9) 32.5 (5.5) 45.4 (8.3)

BR 21.3 (4.1) 31.8 (8.8) 35.0 (4.6) 55.6 (8.1)

Differences, P value 0.049 <0.001 0.107 <0.001

Variances, P value 0.026 0.590 0.419 0.893

Data are presented as mean (SD). AMB, anteromedial bundle; PLB, posterolateral bundle; BR, behind-remnant.
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