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a leg holder (18 patients). The length of the femoral tunnel 
was measured intraoperationally, while the site of femo-
ral insertion and the position of the tunnel were read from 
native radiographic images.
Results  When the femoral tunnel was drilled on the 
medial aspect of the lateral condyle, the centre of the tunnel 
was located at 31.4 % from the most proximal point of the 
femoral condyle and 34.7 % from the Blumensaat line. The 
length of the tunnel drilled with rigid reamers on the oper-
ating table (36.1 mm) was statistically significantly greater 
(p  <  0.05) than the length of the tunnel drilled with the 
same reamers, but with the leg positioned on the leg holder 
(32.5  mm). The length of the tunnel drilled with flexible 
reamers with the leg positioned on the leg holder (42.5 mm) 
was highly statistically significantly greater than the length 
of the tunnel drilled with rigid reamers (p < 0.01), and it 
was statistically significantly greater than the length of the 
tunnel drilled with rigid reamers with the leg placed on the 
operating table (p < 0.05).
Conclusion  The drilling of the femoral tunnel during ana-
tomic ACL reconstruction with the use of flexible reamers 
provides a longer femoral tunnel than when it is drilled 
with rigid reamers, without any danger of perforation of the 
posterior cortex.
Level of evidence  III.

Keywords  Anterior cruciate ligament · Femoral tunnel · 
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Introduction

When drilling the femoral tunnel during anatomic recon-
struction of the ACL, the surgeon is faced with at least two 
problems: adequate length of the tunnel and perforation of 

Abstract 
Purpose  The aim of this paper was to determine whether 
the change in the position of the patient’s leg as well as the 
use of flexible reamers may help in obtaining a longer fem-
oral tunnel with minimal risk of perforating the posterior 
cortex.
Methods  One hundred and twenty-five patients who had 
undergone anatomic ACL reconstruction between 2010 and 
2013 were included in this prospective cohort study. The 
first group was composed of patients whose femoral tun-
nel had been drilled with rigid reamers, while the leg being 
operated on was positioned on an arthroscopic leg holder 
(82 patients). In the second group of patients, the femo-
ral tunnel was also drilled with rigid reamers, but the leg 
was positioned on the table (25 patients), while the third 
group was composed of patients whose femoral tunnel was 
drilled with flexible reamers, and the leg was positioned on 
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the posterior femoral cortex [9, 19]. These two issues are 
at the opposite ends of the lever called the selection of the 
femoral graft insertion site. The fixation of the graft on the 
femur where the tunnel is shorter than 25 mm cannot pro-
vide adequate incorporation of the graft into the bone [2, 
7]. This length varies with different authors from 15  [18] 
to 30 mm [11]. When the use of suspensory devices is also 
added in as a factor, this length is increased by at least 
15  mm (the length of the loop). Perforation of the poste-
rior femoral cortex during tunnel drilling not only increases 
the duration of the procedure, but also prevents fixation and 
leads to a new, most frequently non-anatomic, position of 
the femoral graft fixation. This type of complication is not 
very frequent, but it does occur in a certain number of cases 
[9].

The proper femoral insertion site should be within the 
anatomic femoral footprint [15], and it should provide an 
adequate tunnel length and should not jeopardize the suc-
cess of proximal graft fixation by causing damage to the 
posterior femoral cortex. Although the site of femoral 
anatomic ACL insertion has been the topic of many stud-
ies [3, 6, 8, 15, 17, 20], which have, in various ways, visu-
ally described the precise insertion site of the ACL and its 
bundles, this theoretical knowledge meets with numerous 
obstacles in practice, when the surgeon needs to choose, 
in the very confined space of the intercondylar notch, with 
30° or 70° optics, the centre of graft insertion on the medial 
aspect of the lateral femoral condyle. This segment of a 
seemingly simple task decides the fate of the reconstruction 
and makes the difference between successful and poorly 
performed reconstructions.

In order to provide for an adequate tunnel length, many 
surgeons decrease the angle between the drill and the 
medial aspect of the lateral femoral condyle, but then they 
face the problem of possible posterior femoral cortex per-
foration, which is why they move the insertion site distally 
and anteriorly, thereby missing the area of the anatomic 
footprint on the femur. Such a position of femoral insertion 
can be seen on radiographic images of properly performed 
yet insufficient ACL reconstructions.

The aim of this paper is to determine whether the change 
in the position of the patient’s leg as well as the use of flex-
ible reamers may help in obtaining a longer femoral tunnel 
with minimal risk of perforating the posterior cortex.

Materials and methods

This prospective cohort study included 125 patients of the 
Clinic for Orthopedic Surgery and Traumatology, of the 
Clinical Center of Serbia, who had undergone anatomicl 
ACL reconstruction between June 2010 and June 2013. 
The patients were divided into three groups. The first 
group was composed of patients who had the femoral tun-
nel drilled with rigid reamers with the leg positioned on an 
arthroscopic leg holder (82 patients). The femoral tunnel 
of the second group of patients was also drilled with rigid 
reamers, but their lower limb was positioned on the oper-
ating table (25 patients). The third group of patients was 
composed of subjects whose femoral tunnel was drilled 
with flexible reamers with the lower limb positioned on 
an arthroscopic leg holder (18 patients). Patients oper-
ated on in the period between June 2010 and June 2012 
belonged to the first group, patients operated on in the 
period between June 2012 and December 2012 belonged 
to the second group, while those operated on in the period 
between December 2012 and June 2013 belonged to the 
third group. The average age of the patients did not sig-
nificantly differ between the groups (ANOVA p  =  n.s.; 
Table 1).

Surgical technique

The reconstruction included direct arthroscopy whereby 
ACL lesion was verified. The leg being operated on was, in 
the first and second group of patients, placed on an arthro-
scopic leg holder, which enabled lower leg flexion from 
110° to 115°. In the second group of patients, the leg was 
positioned on the operating table, which enabled 125°–
130° flexion during the operation. After graft material was 

Table 1   Patient characteristics 
by groups

Rigid reamers, leg posi-
tioned on the leg holder

Rigid reamers, leg positioned 
on the operating table

Flexible reamers, 
leg positioned on 
the leg holder

Sex of the patients 71 Males 22 Males 15 Males

11 Females 3 Female 3 Females

Age of the patients 25.1 ± 5.7 26.4 ± 7.2 26.3 ± 8.7

Side of the body 37 Right 13 Right 9 Right

35 Left 12 Left 9 Left

BMI 24.4 ± 2.9 25.9 ± 3.8 24.8 ± 3.4



1608	 Knee Surg Sports Traumatol Arthrosc (2017) 25:1606–1612

1 3

taken (STG or BPTB graft), the femoral graft insertion site 
was selected in all patients. After the medial aspect of the 
lateral condyle was cleared of the ruptured ACL remains, 
the surgeon, with the aid of the bifurcation ridge and the 
resident ridge, determined the centre of insertion, located 
at the point of meeting between the superior and the middle 
third of the height of the bifurcation ridge. In some cases, 
when the surgeon could not establish the aforementioned 
markers, a guide for establishing the centre of femoral 
insertion was employed (depending on the thickness of the 
graft), whose precise position the surgeon modified based 
on personal experience.

After that, in the first two patient groups (leg positioned 
on a leg holder and leg placed on the operating table), 
maximal flexion was performed and a canal was drilled 
through the anteromedial portal with a guide (2.5  mm). 
At the same time, the optics was located in the accessory 
medial portal positioned above and laterally to the medial 
portal, while the angle between the guide and the medial 
aspect of the lateral condyle was maximal (leaning on 
the medial femoral condyle). The canal was dilated with 
a rigid reamer of appropriate thickness (the thickness was 
graft dependent).

In the third group of patients, after the centre of inser-
tion was determined, the guide for drilling the femoral 
tunnel was positioned, with the aid of an instrument for 
flexible guide placement, and the femoral tunnel was 
drilled with the leg flexed at an angle of around 100°–
110° (Fig.  1). The tunnel was then dilated with the aid 
of flexible reamers to an appropriate width (depend-
ent on the thickness of the graft). After tunnel dilation, 
arthroscopic testing of the tunnel walls integrity was 
performed.

Measurements

The length of the tunnel was measured directly, intraopera-
tionally with the aid of the femoral tunnel length measure-
ment device. Upon inserting the guide through the lateral 
femoral condyle, the marker on the guide was aligned with 
the medial aspect of the lateral condyle, which was con-
trolled with the aid of an optic device. After that, the femo-
ral tunnel length measurement device was positioned over 
the lateral end of the guide, reaching as far as the lateral 
aspect of the lateral femoral condyle, and the length of the 
tunnel was read (Fig. 1). The accuracy of tunnel measure-
ment was 1 mm. The position of the femoral insertion of 
the graft was determined indirectly, on native radiographic 
images, with the aid of a net by Bernard et al. [3]. The cen-
tre of the tunnel on the medial aspect of the lateral condyle 
was determined on sagittal radiographic images after which 
a square was positioned on this segment. The anterior mar-
gin of this square was, in fact, the line of the roof of the 

intercondylar notch. The posterior margin lay parallel to the 
anterior one passing through the convexity of the condyle. 
The proximal margin was at a right angle to the previous 

Fig. 1   Measuring the femoral tunnel length with the aid of the femo-
ral tunnel length measurement device

Fig. 2   Grid method used to determine the insertion of the graft

Fig. 3   Method of measuring the angle of the femoral tunnel in fron-
tal (α) and sagittal (β) plane
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two, passing through the most proximal point of the lateral 
condyle, while the distal margin lay parallel to the proxi-
mal margin, passing through the point of intersection 
between the anterior margin and the convexity of the con-
dyle (Fig.  2). The distance between the first two margins 
was named the height of the condyle, while the distance 
between the second two margins was named the length of 
the condyle. The centre of the insertion is expressed as the 
percentage of the distance from the proximal margin in 
relation to the height (y-axis) and as the percentage of the 
distance from the roof of the intercondylar notch in relation 
to the length of the condyle (x-axis).

The position of the femoral tunnel in the frontal and sag-
ittal plane was measured indirectly, on frontal and sagittal 
radiographic images, as the angle between the line running 
along the middle of the tunnel and the distal femoral axis 
(Fig.  3). The distal femoral axis represents the line pass-
ing through the two central points of the diaphysis breadth, 
located at the distance of 10 and 20 cm from the tip of the 
medial femoral condyle. After the distal femoral axis was 
positioned on the X-ray image, a line was drawn through 
the central portion of the femoral tunnel. At the intersection 
of these two lines, the angle of the femoral tunnel in the 
sagittal and frontal planes was measured with the aid of a 
goniometer, with a one-degree accuracy.

This study was approved by the Ethical Committee of 
the Faculty of Medicine, University of Belgrade, ID num-
ber of approval: 29/3-14.

Statistical analysis

An a priori power analysis was performed to determine 
the sample size using the two-sided hypothesis test at an 
α level of 0.05. The calculations involving our sample 
size of 125 patients indicated the power of 0.60–0.99 to 
detect a significant difference in measurement outcomes 
in the present study. All data were processed with the aid 
of the SPSS 11.0 program. Differences between all three 
groups were tested by the one-way ANOVA test. Gen-
der distribution in the groups was tested with the aid of 
the Chi-square test. The differences between the groups 
were tested with the Student’s t test for independent 
samples. The correlation was tested with the Pearson 
correlation coefficient. The statistical significance was 
set at 0.05.

Results

All three groups of patients had approximately the same 
site of insertion on the x-axis (proximally–distally) which 
did not show a statistically significant difference (n.s.); this 
also applies to the y-axis (n.s.; Fig. 4).

The length of the femoral tunnel (Table 2) drilled with 
a flexible reamer was statistically significantly greater than 
the length of the same tunnel drilled with a rigid reamer 
both with the leg positioned on the leg holder (p = 0.000; 
p < 0.01) and when it was positioned on the operating table 
(p = 0.012; p < 0.05). Also, the tunnel drilled on the operat-
ing table with the lower leg flexed at an angle of 125°–130° 
was statistically significantly longer (p = 0.017; p < 0.05) 
than the tunnel drilled on the leg holder with the lower leg 
flexed at an angle of 110°–115°.

The angle of the femoral tunnel in the frontal plane 
(Table 1) drilled with flexible reamers was highly statisti-
cally significantly smaller than the same tunnel drilled with 
rigid reamers, both with the leg placed on the leg holder 
and with the leg placed on the operating table (p = 0.000; 
p  <  0.01 in both cases). The angle of the femoral tunnel 
in the frontal plane drilled on the operating table with the 
lower leg flexed at an angle of 125°–130° was statistically 
significantly greater (p = 0.033; p < 0.05) than the corre-
sponding tunnel drilled on the leg holder with the lower leg 
flexed at an angle of 110°–115°.

The angle of the femoral tunnel in the sagittal plane 
did not statistically significantly differ between the three 
groups of patients (n.s.).

By monitoring the increase in the length of the tunnel in 
relation to the angle of the tunnel in the frontal and sagittal 
planes in all subjects, it is possible to establish a statisti-
cally significant indirect correlation between the length and 
the angle of the tunnel in the frontal (r = −0.295; p < 0.05; 
Fig. 5) but not in the sagittal plane (n.s.).

Fig. 4   Visual image of the centre of the femoral tunnel on the medial 
aspect of the lateral femoral condyle
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Discussion

The most significant contribution of this study to the ana-
tomic reconstruction of the anterior cruciate ligament 
is reflected in the fact that with the assistance of flexible 
reamers, it is possible to increase the length of the femo-
ral tunnel without excess flexion of the lower leg. Greater 
lengths of the femoral tunnel are achieved primarily due 
to the decrease in the tunnel angle in the frontal plane, 
which becomes more vertical, forming a more acute angle 
with the femoral diaphysis and possesses an outer opening 
above the lateral epicondyle, nearer to or on the very diaph-
ysis of the femur. The length of the femoral tunnel obtained 
in this study is somewhat greater than the values for tunnel 
lengths published by Kim et  al. [10] in their study on 80 
patients, where they compared the transportal and outside-
in techniques of femoral tunnel drilling.

Also, a moderately longer tunnel can be obtained by 
forced, maximal flexion of the lower leg which cannot be 
performed when the leg is positioned on the arthroscopic 
leg holder, but only when the leg is lying freely on the 
operating table. In this case, the outer opening of the tunnel 
remains in the domain of the epicondyle, and it does not 

significantly change the angle, either in the frontal or in the 
sagittal plane, while the increase in the length of the tun-
nel by around 4 mm can be attributed to a difference in the 
configuration of the lateral condyle and to the avoidance of 
the popliteal notch. However, such a procedure decreases 
the space in the knee joint due to the femoral condyle rest-
ing against the tibia, and as a result of the increase in the 
flexion angle, the reamer head may come in contact with 
the condylar cartilage and damage it.

The breadth of the lateral femoral condyle at the level 
of the popliteal notch amounts to 27 mm, and at the level 
of the lateral epicondyle, it is 33.5 mm [14]. These results, 
obtained by direct measurement on macerated thigh bones 
speak in favour of the fact that by drilling the femoral tun-
nel perpendicularly to the medial aspect of the lateral con-
dyle, a length of the tunnel which is somewhat greater than 
the breadth of the condyle at the level of the popliteal notch 
can be achieved. Forced flexion of the lower leg (130° or 
more) enables the reamer to be positioned in the direction 
of the lateral epicondyle, thereby making the tunnels some-
what longer. The use of flexible reamers reduces the angle 
of the tunnel in the frontal plane; the tunnel extends along 
the lateral condyle and enters into the inferior segment of 
the femoral diaphysis, thereby becoming longer.

Just as there are differing opinions as to the minimal 
tunnel length necessary for successful incorporation of 
the graft into the bone, it is also difficult to determine how 
often tunnels are made to be too short. Tunnels shorter 
than 30  mm were present in 18.3  % of the cases in the 
first group and 8 % of the cases in the second group, while 
the third group registered no cases of tunnels shorter than 
30 mm. However, practically speaking, none of the tunnels 
were, in fact, too short, as all the grafts incorporated suc-
cessfully into the bone.

Similar data on the site of femoral graft insertion were 
published by Ahn et  al. [1] in their study on 69 patients, 
35 of whom had undergone anatomic ACL reconstruction. 
With the aid of 3D CT reconstruction, they established 
that the centre of femoral insertion was positioned at a dis-
tance from the most proximal point of the lateral condyle 
that amounted to 24.7  % of its length and 27.1  % of the 
intercondylar notch roof. Also, Colombet et  al. [5] stated 

Table 2   Femoral tunnel parameters within the three groups of patients (mean values, standard deviations and interval of the values)

Rigid reamers, leg positioned 
on the leg holder

Rigid reamers, leg positioned 
on the operating table

Flexible reamers, leg posi-
tioned on the leg holder

One-way 
ANOVA

Length of the femoral tunnel 
(mm)

32 ± 5 (20–40 mm) 36 ± 6 (25–45 mm) 41 ± 3 (35–45 mm) p = 0.000

Position of the femoral tunnel in 
the frontal plane (°)

53 ± 6 (40°–69°) 56 ± 6 (44°–68°) 43 ± 7 (30°–57°) p = 0.000

Position of the femoral tunnel in 
the sagittal plane (°)

43 ± 15 (17°–67°) 49 ± 11 (26°–65°) 44 ± 10 (20°–63°) n.s.
p = 0.312

Length of femoral tunnel (mm)
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in their study that the centre of femoral graft insertion for 
single-bundle reconstruction was located at a distance that 
was 29 % from the most proximal point and 37.5 % from 
the roof of the intercondylar notch.

The results of the present study are supported by the 
study published by Lee et al. [8] which was carried out on 
104 patients whose ACL reconstructions were performed 
with the application of two different techniques: the tran-
stibial technique and through the anteromedial portal. The 
length of the femoral tunnel obtained with the use of the 
transtibial technique completely coincides with the femoral 
tunnel length of the group of patients in the present study, 
whose tunnel was drilled with flexible reamers. The length 
of the femoral tunnel obtained by drilling through the 
anteromedial portal is somewhat greater (34.4  mm) than 
the tunnel length of the group in the present study whose 
femoral tunnel was drilled in a similar fashion.

The results of the present study completely support the 
results published by Steiner et al. [12]. Their femoral tun-
nel drilled with flexible reamers (42 mm) was longer than 
the tunnel drilled with rigid reamers (32.5) with the lower 
leg flexed at 110°. In their study on 106 patients, whose 
femoral tunnels were drilled with rigid reamers through 
the anteromedial portal, Tompkins et  al. [16] noted the 
length of the femoral tunnel of 37 mm with the knee flexed 
at 134°. This tunnel length does not significantly differ 
from the length of the tunnel found in the present study 
(36.5 mm), which was drilled with the lower leg flexed at 
130°–135°.

In the present study, the angle of the femoral tunnel in 
the frontal plane in both of the groups where drilling was 
performed with rigid reamers was approximately equal 
to the angle published by other authors [4] who had also 
drilled with rigid reamers through the anteromedial portal 
(56.6°). However, the angle of the femoral tunnel drilled 
with flexible reamers in the present study (43°) signifi-
cantly differs from the angle of the other tunnels. It can be 
noted that the direction of the tunnel is more perpendicular, 
so that it forms a more acute angle with the diaphysis of the 
femur and is closer to the angle of the native ACL in the 
frontal plane amounting to 76° [13]. Therefore, the graft 
itself is less angulated at the point of entry into the femur 
and has better biomechanical features.

For achieving the necessary hyperflexion of the knee, 
hip flexion of the leg being operated on is necessary. Appli-
cation of standard leg holders without freeing the lower leg 
and elevating the leg from the leg holder does not make a 
satisfactory degree of hyperflexion possible. The position 
in which the patient is lying down on the operating table 
without a leg holder, provides for a greater length of the 
femoral tunnel and is, in fact, the recommended position 
for the application of the anteromedial portal and rigid 
reamers. The application of flexible reamers provides for 

an adequate length of the graft femoral tunnel without 
hyperflexion of the knee, thereby making the task of the 
surgeon significantly easier. Also, the application of flex-
ible reamers reduces the significance of the choice of the 
patient’s position as to its influence on the graft femoral 
tunnel length.

Patients who had undergone primary ACL reconstruc-
tion with an STG or BPTB graft were included in the study. 
Patients with multiligament injuries were excluded from 
the study, as well as patients with osteal damage to the 
femur, tibia or patella. Sagittal radiographic images which 
were used for measurement had to be images of overlap-
ping femoral condyles with a tolerance of up to 5  mm. 
Frontal radiographic images had to clearly and visibly 
show the medial and lateral femoral epicondyles. There 
was not a single perforation of the posterior femoral cortex 
in any of the subjects during femoral tunnel drilling.

Conclusion

The drilling of the femoral tunnel during anatomic ACL 
reconstruction with the use of flexible reamers provides 
a longer femoral tunnel than when it is drilled with rigid 
reamers, without any danger of perforation of the posterior 
cortex. In order to obtain an adequate length of the femoral 
tunnel for fixation with the aid of suspensory devices, it is 
not necessary to “push” the lower leg into excess flexion, 
rather adequate length can be achieved with the use of flex-
ible reamers with a lesser degree of lower leg flexion.
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