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Trans‑tibial guide wire placement for femoral tunnel in 
single bundle anterior cruciate ligament reconstruction
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ABstrAct
Background: Femoral tunnel location is of critical importance for successful outcome of ACL reconstruction. The aim was to 
study the femoral tunnel created by placing free hand guide wire through tibial tunnel, using the toggle of the guide wire in the 
tibial tunnel to improve femoral tunnel location.
Materials and Methods: 30 cases of a single bundle quadrupled hamstring graft anterior cruciate ligament reconstruction by 
trans-tibial free hand femoral tunnel creation is studied in this prospective study. The side to side play of the guide wire in the 
tibial tunnel was used to improve the tunnel location on femoral wall. The coronal angle of the femoral tunnel was measured on 
the anteroposterior radiograph. The femoral tunnel location on the lateral radiograph of the knee was recorded according to Amis 
method. Lysholm scoring was done preoperative and at each follow up. Assessment of laxity was done by Rolimeter (Aircast™) 
and pivot shift test.
Results: The mean coronal angle of the femoral tunnel in postoperative radiograph was 47°. In lateral radiograph, the femoral 
tunnel was found to be >60% posterior on Blumensaat line in 67% cases (n = 20) and in the 33% cases (n = 10) it was anterior. 
The mean Lysholm score improved from 74.6 preoperative to 93.17 postoperative with no objective evidence of laxity.
Conclusion: The free hand trans‑tibial creation of the femoral tunnel leads to satisfactory coronal obliquity, but it is difficult to 
recreate anatomic femoral tunnel by this method as the tunnel is consistently anterior in the sagittal plane.
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introduction

Femoral tunnel is of critical importance in ACL 
reconstruction. Improper placement of the femoral 
tunnel is a common cause of failure after ACL 

reconstruction. In single bundle reconstruction, obliquely 
directed graft, that is femoral bone tunnel at 10’O clock 
position resists rotatory loads better than vertically placed 
graft, which is close to the roof of the notch that is 12’O clock 
position.1 Stanford et al.2 compared native ACL obliquity 

with ACL graft obliquity which was done by trans-tibial 
technique using computer navigation. They found a 
significant difference in coronal angulation between the 
reconstructed and native ACL as the graft was more vertical 
in reconstructed ACL as compared to the native ACL.2

There have been many modifications to improve coronal 
obliquity of the graft in single bundle trans-tibial ACL 
reconstruction. Heming et al. passed guide wire through 
femoral footprint into tibial footprint of ACL for trans-tibial 
reconstruction but found that for anatomic reconstruction 
the tibial starting point has to be very close to the joint 
line.3 Piasecki et al. in their cadaveric study have reported 
that creation of tibial tunnel approximately 16 mm distal 
to medial joint line and 9 mm posteromedial to medial 
margin of tibial tuberosity results in near anatomic drilling 
through femoral footprint but the tibial tunnel created is 
short (average 23.1 mm).4

Howell et al.5 reported a satisfactory femoral tunnel 
obliquity if tibial tunnel had coronal obliquity of 65°–70°. 
Chhabra et al.6 reported ideal coronal inclination of the 
tibial tunnel and improved femoral tunnel location by 
placing the tibial guide at the tibial footprint and external 
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starting point on tibia midway between tibial tuberosity and 
posteromedial border. Kopf et al.7 made starting point on 
the tibia more medial to improve coronal tilt of the tunnels, 
but the limiting factor to the medial starting point was 
medial collateral ligament. In spite of many modifications in 
single bundle ACL reconstruction by trans-tibial technique, 
obtaining optimum coronal obliquity of the femoral tunnel 
is a challenge.

We hypothesized that the femoral tunnel created by passing 
free hand guide wire through posterolateral aspect of the 
tibial tunnel improves the coronal obliquity of femoral 
tunnel and outcome. So we tried to evaluate prospectively 
this technique in a case series.

MAtEriAls And MEthods

30 cases of a single bundle quadrupled hamstring graft 
anterior cruciate ligament reconstruction by trans-tibial free 
hand femoral tunnel creation is studied in this prospective 
study. Institutional approval was obtained for the study. 
Skeletally mature cases with isolated symptomatic ACL 
tear were included in the study. Cases with associated 
other ligament injuries or fractures were excluded. All cases 
were operated by same surgical team. The clinical and 
radiologic assessment was done by independent observer, 
not involved in surgery.

Operative procedure
Semitendinosus-gracilis tendons from the ipsilateral side 
were harvested and quadrupled graft was prepared. The 
diameter of quadruple graft was measured and it was 
mounted on tension board. Meanwhile, after diagnostic 
arthroscopy, the knee was positioned in 90° flexion to 
prepare the tibial tunnel using tibial guide set at 50° placed at 
the tibial footprint of ACL and lateral to medial tibial spine. 
The tibial guide was inclined to about 60° to tibial joint line 
in the coronal plane. The exit position of the guide wire on 
tibia and its coronal inclination was checked. A pilot hole 
of one size smaller than the final graft size was drilled in the 
tibia over the guide wire. Through the pilot tibial tunnel, a 
guide wire was passed into the intercondylar notch as close 
to the femoral footprint of native ACL as possible. At the 
same time, coronal angle of the guide wire was increased 
as much as possible so that it points more inferiorly on the 
lateral femoral condyle [Figures 1 and 2]. After checking 
the guide wire position, the final tunnel preparation on tibial 
and femoral side was undertaken according to the graft 
thickness. The free hand positioning of the guide wire was 
done through tibial tunnel that was one size smaller than 
final intended size to prevent iatrogenic posterolateralre 
reaming of the tibial tunnel during final size reaming of both 
tunnels. The length of the femoral tunnel was measured with 

direct measuring device. The graft was passed from tibia 
tunnel to the external aperture of the femoral tunnel. On 
femoral side suspensory fixation using fiber wire (Arthrex, 
Naples, Florida USA) with suture disk (HIB Surgicals, 
Mumbai, India) and on tibial side bioresorbable screw 
(Arthrex, Naples, Florida USA) interference fixation was 
used. The femoral tunnel width at surgery was noted.

After surgery, weight bearing with crutches was encouraged 
from day two of surgery. Active straight leg raise in all planes 
with aim to achieve quadriceps control without lag and 
active hamstring curls in the prone position and prone towel 
pulls were started from day 2 after surgery. Range of motion 
knee brace was applied for 1-month only for ambulation.

Antero-posterior (AP) and lateral radiographs of the knee 
in full extension were obtained in the postoperative period. 
In AP radiograph film coronal inclination of the femoral 
tunnel was expressed as the angle between a tangential 
line through distal articular surface of femoral condyles and 
a line through middle of the femoral tunnel [Figure 3]. In 
lateral radiograph film sagittal location of the femoral tunnel 
on Blumensaat line (BL) was expressed according to the 
method described by Amis8 as a percentage of the length 
of BL [Figure 3].

The outcome was measured in terms of Lysholm 
score (LS), objective measurement anterior laxity by 
Rolimeter (Aircast™) testing device and manual pivot shift 
test at 6 weeks, 3 months, 6 months and 9 months.

rEsults

There were 29 males and 1 female. The average age 
was 27.7 years (range 18–48 years) and mean followup 
was 2.3 years (range 2–2.8 years). Femoral tunnel width 

Figure 1: Arthroscopic picture showing trans-tibial guide wire
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obtained at the time of surgery was 6–8 mm, with a mean 
of 6.9 mm (±0.60). Femoral tunnel length obtained at 
surgery was between 45 and 55 mm, with a mean of 
51 mm (±3.57). The coronal angle of the femoral tunnel 
was 40°–55° with a mean of 47° (±5.48). Out of 30 cases, 
67% (n = 20) of cases had femoral tunnel located >60% 
posterior on BL and rest 37% (n = 10) were located anterior 
to it [Table 1].

Preoperative LS was in the range of 57–91, with a mean 
of 74.6, in comparison to postoperative LS that was in 
the range of 76–100, with a mean of 93.17. There was no 
recordable difference in LS according to sagittal location of 
the femoral tunnel [Table 1]. None of the case had positive 
pivot shift test in the postoperative period. Objective testing 
of anterior laxity by Rolimeter revealed >5 mm of laxity in 
all cases till last followup.

One case was unable to flex the knee beyond 120° at 
6 months as he did not comply with the rehabilitation 
program. This patient was put on supervised rehabilitation 
(active knee curls with ankle in dorsiflexion against 
resistance of theraband and active knee bending with end 
range assistance with belt) for 1-month and regained full 
range of motion. There was no other complication noted 
in any other cases.

discussion

Anatomical ACL graft placement is the most important 
factor for regaining normal postoperative knee function 
and kinematics after ACL reconstruction. In single bundle 
ACL reconstruction, the femoral tunnel should be correct 
in a location in AP direction as well as in correct coronal 
angulation which has to be achieved through trans-tibial 
tunnel. Restoration of knee function with a graft placed 

at the anatomical footprint of the ACL is better than 
graft placed at a position for best graft isometry that is 
anatomic reconstruction of ACL is better than the isometric 
reconstruction.9 Amis et al. reported that a small area on 
the anterior side of femoral footprint of ACL from where 
anterior fibers of native ACL course, is close to isometry.8 
We found it difficult to judge the graft isometry per 
operatively in single bundle trans-tibial ACL reconstruction.

The femoral footprint of ACL is between the junction of the 
posterior cortex of femur and roof of notch (arthroscopic 
over the top position) at one end and from there it spreads 
in a distal and posterior direction on the lateral femoral 
condyle [Figure 4].8 As the trans-tibial femoral tunnel 
creation is done with reference to over the top position, it 
is difficult to go inferior to this (toward articular margin of 
femur) position if a trans-tibial aiming device is used. By 
arthroscopic view in 90° flexed knee, the femoral tunnel 
cannot be aimed inferiorly in the anatomic footprint of ACL 
because of the constraint imposed by direction of the tibial 
tunnel. The reported closest position that can be reached 
is at the high and deep margin of the femoral footprint of 
native ACL.10

Study on free hand wire placement through tibial tunnel 
to improve femoral tunnel location was done by Bedi 
et al.11 in a laboratory setting. They reported tibial 
tunnel intraarticular aperture widening by 38% in the AP 
dimension. They attributed it to iatrogenic rereaming of 
the tibial tunnel in which the trans-tibial wire is placed 
in the posterolateral aspect of the tunnel in a bid to 
improve the location of the femoral tunnel. In this study, 
to avoid this complication we under reamed the tibial 
tunnel by one size, then placed the trans-tibial guide wire 
over intended femoral point and then drilled the tibial and 
femoral tunnel with final size reamer.

Figure 2: Arthroscopic picture showing guide wire with improved 
coronal angulation

Figure 3: Postoperative X-ray of knee joint anteroposterior and lateral 
views showing femoral tunnel angle in coronal plane and sagittal location
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The clinical outcome after ACL reconstruction correlates 
positively with posterior femoral tunnel placement on lateral 
radiographs and negatively with excessive anterior femoral 
tunnel placement.12 Khalfayan et al. reported that when 
femoral tunnels were placed at least 60% posterior along 

BL, 69% of patients had good or excellent LS.13 In this study, 
67% cases had femoral tunnel located >60% posterior on 
BL and 37% were located anterior to it but we could not 
correlate the improvement in LS to the sagittal location 
of femoral tunnel. It has been shown that more posterior 
anatomic femoral tunnel creation through trans-tibial 
technique is possible if tibial tunnel is located posterior but 
posteriorly placed tibial tunnel is biomechanically inferior 
to the anatomic position of the tibial tunnel.14,15

For single bundle ACL reconstruction, coronal obliquity of 
graft is single most important factor for rotational stability 
of the knee. Femoral tunnel placed more obliquely toward 
10’O clock position is more effective in resisting rotatory 
loads when compared with a tunnel placed close to the 
roof of the inter condylar notch. A vertically oriented 
femoral tunnel leads to laxity postoperatively and lesser 
patient satisfaction.16 The reconstructed ACL can be closer 
to the native ACL by creation of a more horizontal tibial 
tunnel. Golish et al. reported that, by making the starting 
point of tibial tunnel close to anterior fibres of MCL the 
femoral tunnel obliquity can be improved to 10.30’O clock 

Table 1: Case Details
Age Sex >60% post on BL CA of FT FT length in mm FT width in mm at surgery Pre op LS LS at 6 m FU (years)
27 M NO 50 50 7 71 90 2.5
23 M NO 54 55 7 71 95 2.5
35 M YES 55 55 6 57 76 2.5
30 M YES 55 55 8 71 90 2
33 M NO 48 50 6 81 91 2.4
28 M NO 50 45 7 82 95 2.4
30 M YES 42 55 6 91 100 2
20 M NO 40 45 6 91 100 2
20 M NO 55 50 7 91 95 2.3
30 M NO 50 50 7 86 100 2.6
48 M NO 40 50 7 76 95 2.2
30 M NO 42 55 7 75 100 2.6
27 M YES 40 45 7 71 95 2.2
30 F YES 44 50 7 91 100 2.2
18 M YES 40 50 7 67 95 2.3
37 M YES 42 55 7 81 92 2.8
20 M YES 54 50 7 67 95 2.1
23 M YES 42 50 6 66 95 2.1
25 M YES 45 50 7 76 90 2.2
23 M YES 42 55 8 83 95 2.4
22 M YES 48 55 7 67 90 2
26 M YES 52 50 6 57 90 2.4
30 M YES 45 55 6 57 85 2.8
34 M YES 42 45 8 67 90 2
30 M YES 40 55 7 61 90 2
26 M YES 52 50 7 67 90 2.2
25 M NO 55 50 7 81 91 2.4
20 M YES 48 45 7 67 95 2.1
28 M YES 46 55 8 83 95 2.5
33 M YES 52 50 7 86 95 2.3
BL=Blumensaat line, CA=Coronal angle, FT=Femoral tunnel, LS=Lysholm score

Figure 4: A line diagram of femoral footprint showing anterior cruciate 
ligament
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position.17 But Silva et al. in their postoperative computed 
tomography evaluation of single bundle trans-tibial ACL 
reconstruction reported that even with tibial tunnel creation 
in 60–65° in relation to joint line, the reconstructed ACL 
was closer to anteromedial (AM) bundle not in the center 
of femoral footprint.18

In this study, the average coronal angle of the femoral tunnel 
was 47° that corresponds to approximately 10.30’O clock 
position that is required to position the graft between AM and 
PL bundle. The achievement of adequate coronal obliquity 
was an advantage of using free hand trans-tibial guide wire. 
When a femoral guide is placed through the tibial tunnel, 
there is no scope of play in any direction as the femoral guide 
fills the tibial tunnel, whereas when a free hand guide wire 
is passed through tibial tunnel, it has got a few millimeters 
of play which can be used to improve the femoral tunnel 
starting point. The trans-tibial femoral tunnel creation does 
not result in a critically short tunnel. The mean femoral 
tunnel length in this study was 51 mm, but long femoral 
tunnel is an indirect indicator of nonanatomic tunnel.17

Limitation of this study is a small study group by a single 
surgeon and lack of the control group.

To conclude, the femoral tunnel created by passing free 
hand guide wire through tibial tunnel to improve the 
location of femoral tunnel results in acceptable coronal 
angle but it is persistently anterior. The femoral tunnel 
created by this technique is not anatomic so should not be 
the preferred method of femoral tunnel creation.
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